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Summary 


The program objecMve was to provide engineering services In Hie definition of a 
turboshaft propulsion system for a V/STOL Research and Technology Aircraft. 

These services included engineering support of a large scale variable pitch, lift/ 
cruise fan engine test in the AO x 80 wind tunnel at NASA Ames Research Center, 
technical support to Boeing Aerospace Company and McDonnell Aircraft Company, 
preparing a propulsion system performance computer card deck, preliminary design 
studies of system components and the preparation of a program plan for propulsion 
system development. 

The propulsion system consists of two lift/cruise turbofan engines, one turboshaft 
engine and one lift fan connected with shafting through a combiner gearbox. 

The turbofan engines are modified Detroit Diesel Allison XT701-AD-700 turboshafts 
integrated with Hamilton Standard variable pitch fans. The turboshaft engine is 
also an XT701-AD-700. 

Very low core inlet distortion parameter levels were calculated from the limited 
40 X 80 test data. The levels were well within the established XT701-AD-700 
limits and were not affected by nacelle angle-of-attack changes. 

Aircraft contractors were provided propulsion system performance and physical 
characteristics for use in their research aircraft studies, Three engine- three fan 
system card decks were delivered to NASA Lewis Research Center, Naval Air 
Development Center, Boeing Company and McDonnell Aircraft Company. System 
steady state performance can be calculated for either vertical or conventional flight. 
Also the cord deck will calculate either installed or uninstalled performance. The 
user con determine system performance at the following optional modes; 

o Pitch and roll attitude control 
o At II engines operating 

o One engine inoperative, either a turbofan or the turboshaft 
o Water-alcohol injection 

o Contingency power level above Intermediate 

Detroit Diesel Allison and Hamilton Standard completed an agreement on the interface 
between the HS variable pitch fan rotor and the DDA turboshaft engine, gearbox and 
fan frame assembly. 

The VTOL mode of operation was selected as the design point using the more severe 
conditions of 3 engines and 3 fans operating or 2 engines and 3 fans operating with 
one lift/cruise engine inoperative. 



PD370-2SA, the lift/cruise engine designed fora fixed nacelle installation, weighs 106d 
kg (2351 lbs). The lightest tilt nacelle installation engine, PD370-25E, weighs 1196 kg 
(2637 lbs). The turboshaft center engine weighs 515 kg (1135 lbs), 

The existing XT701-AD-700 engine requires modifications before being fitted with the 
variable pitch fan. Components requiring removal or modification includej inlet 
housing, compressor antl-iclng, accessory gearbox, oil system, torquemeter and engine 
con trols. 

Optional water-alcohol Injection would odd 4.5 kg (10 lbs) to each engine's weight 
and 10,3% total net thrust increase to a one lift/cruise engine inoperative system on a 

305.3“ K (90“F) day. 

Current engines have sufficient turbine life to operate satisfactorily for 500 hours on the 
RTA duty cycle and one hour at a contingency power level, 

fsevel gear cross shaft drive location study revealed that lightest gearbox arrangement 
for a fixed nacelle engine wasn't the lightest for a tilt nacelle engine. A cross shaft 
forward of the reduction gear is used in the fixed nacelle engine and an aft cross 
shaft is used in the tilt nacelle. 

T56 turboprop engine reduction gearbox components con be used in the lift/cruise 
gearbox without o modification In the ratio. 

A conceptual design of the RTA propulsion system controls was undertaken with the 
XT701 control system being utilized. After meetings with the airframe manufacturers 
and analysis of the problem, It was decided that the XT701 electronics had to be re- 
placed. A digital engine controller is required to achieve the added control tasks and 
foil operational requirement. The XT701 hydromechanical control is retained with 
minor modifications. 

Propulsion system flight tested hardware can be delivered to the aircraft contractor 30 
months after program go-ahead. The hardv;are would have completed 245 hours of 
turbofdn engine testing and 680 hours of fan testing. 
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1.0 Introduction 


Detroit Diesel A'lison (PDA) Division of General Motors Corporation provided 
engineering support to aircraft company studies of V/STOL aircraft during 1975. 
These studies established that the DDA XT701-AD-700 turboshoft engine was o 
logical choice for use in a research and technology aircraft program and the need 
f<--r additional propulsion system definition. The controct work defined the various 
components of the propulsion system shown in Figure 1, assessed the compatibility 
of the existing XT701 engine in the V/STOL operational modes and expanded 
propulsion system support to other aircroft contractors. The information obtained 
from this work can be used as the baseline in the design of components for a research 
and technology aircraft propulsion system as well as provide system performonce to 
aircraft companies. DDA Model PD370~30 defines the system with separate jet 
turbofan engines. PD370-32 describes the system using confluent flow turbofan 
engines. Lift/cruise turbofan engines are designated PD370-25 with a suffix 
identifying aircraft installation. 
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2,0 Wind Tunnel Tesf Support 


An abbreviated large scale variable pitch llft/orulse fan Inlet test was conducted >n 
the Ames 40 x 80 wind tunnel In late July and early October 1976. The hardware 
used In the test included a Boeing Company designed Inlet and a nacelle that 
Incorporoted a Hamilton Standard 1.4 metre (4.6 feet) diameter variable pitch fan 
driven by a Lycoming T55-L-11 gas turbine core engine. The test was abbreviated 
due to hardware failures on the 26th of July and the 4th of October 1976. The fan 
engine drive train was rebuilt after the first failure and only a limited number of 
test conditions were run a’ the second test before another mechanical failure. 

DDA personnel reviewed the test plan and test Instrumentation prior to the test and 
determined that sufficient operating conditions and test data would be available to eval- 
uate the conditions which would exist at the inlet of the core engine. This data was to 
be used in estimating the effects of a variable pitch fan on cn XT701 core engine in a 
research aircraft by relating these data to prior XT701 engine test experience, 

Distortion limits are defined for the core engine inlet air pressure profiles in order to 
avoid three potential detriments to acceptable engine operation (1) compressor stall, 

(2) performance degradation and (3) excessive compressor blade vibration. 

Three parameters, circumferential distortion (K0)/ radial distortion (KR)/ and harmonic 
components of the inlet pressure distribution are used for evaluating distortion. The 
test data from the wind tunnel was used to calculate the distortion parameters. 

The test was terminated with only seven of thirty-six test conditions completed. However, 
the limited data was reviewed and typical points with the higher compressor face totol 
pressure distortion (DISC) values were selected for analysis, |t should be noted that the 
condition where inlet separation occurred, - 60° Vo = 39 M/S (75 knots), was not 
selected for analysis because of the low compressor face distortion. 

Table 1 shows parameters of the selected points and the analytical results of distortion 
parameter calculations. The negative KRE volues calculated indicate a hub oriented 
distortion. The XT701 engine is sensitive to tip oriented distortion and 
expected to be Insensitive to the hub distortion. Acceptable limits of K0E and KRE are 
shown in Figure 2 . The limits of the first four harmonic components are as follows; 

A^ ^ 1.6, A 2 " >32, An - .20, and A^- .20, Comparisons show that the distortion 
levels obtained during tTie abbreviated test were well within the limits established for 
the XT701-AD-700 engine and were not affected by the angle-of-attack changes. 

The distortion transfer coefficient is described by the ratio of the circumferential distortion 
coefficient at the core engine (KOE) to the circumferential distortion coefficient at the fan 
inlet hub (K0FH). The fan inlet hub distortion is obtained from the readings of the hubmost 
radial element when V/E/V/l is near 6%. When WEAVI is near 10%, the readings of the two 
radial elements closest to the hub are used fo, calculating distortion. A few values of 
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FIGURE 2. XT701-AD<700 COMPRESSOR INLET 
DISTORTION LIMIT 


KOE/KGFH are shown in Table 1 . These values show large voriafions In Hie transfer 

coefficient. However, the very low values of both me K0E and K6FH make this co- 
efficient highly susceptible to experimental error and no conclusions regarding the 
distortion tronsfer characteristics of the fan can be drawn from this data. 
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3.0 Aircraft' Contractor's Support 


Detroit Diesel AMison provided shaft driven propulsion system information to the Boeing 
Company and McDonnell Aircraft Company for use in their research and technology 
aircraft studies. 

Installation drawings for the lift/cruise engine in i fixed nacelle installation 
(PD 370-25A) and the two lift/cruise engines in a tilt nacelle installation (PD370-25D, 
shaft forward and PD370-25E, shaft aft) have been provided. These drawings show 
envelope dimensions, accessory mounting pads and engine weights. These drawings 
are shown in Figures 3 - 5 . 

A large amount of Installed propulsion system performance has been provided Boeing and 
McDonnell during this work. Data at the following conditions has been supplied: 

VTOL MODE 

1. 3E-3F, SLS, 305. 3°K (90°F) DAY, Intermediate Power Rating 

2. 3E-3F, SLS, 305.3'’K (90°F) DAY, Interrr’ediate Power, Attitude Control 

3. 2E-3F, ...j, 305. 3°K (90'’F) DAY, Intermediate Power, One Lift/Cruise 

Engine Inoperative, DRY 

4. 2E-3F, SLS, 305. 3° K (90°F) DAY, Intermediate Power, One Lift/Cruise 
Engine Inoperative, Dry, Attitude Control 

5. 2E-3F, SLS, 305.3'^K (90°F) DAY, Intermediate Power, One Llft/Cruise 
Engine Inoperative, 3% W/A injection 

6. 2E"3F, SLS, 305. 3®K (90°F) DAY, Intermediate Power, One Lift/Cruise 
Engine Inoperative, 3% W/A injection, attitude control 

7. 3E-3F, SLS, 305, 3° K (90°F) DAY, Requested Thrust Levels below Intermediate 
Pov/er 

8. 2E-'3F, SLS, 305, S^K (90°F) DAY, One Lit(/Cruise Engine Inoperative, 
Requested Thrust Levels 

CRUISE MODE 

1. lE-lF, O.M, (0. FT) ALTITUDE, 0 MACH NUMBER, Standard Day 

2. lE-iF, O.M, fO. FT) ALTITUDE, . 2 MACH NUMBER, Standard Day 

3. lE-lF, 3048. M, (10, 000 FT) ALTITUDE, .3 MACH NUMBER, Standard Day 

4. lE-lF, 6096. M, (20, 000 FT) ALTITUDE, .5tAACH NUMBER, Standard Day 

5. 1E-1F, 6096. M, (20, 000 FT) ALTITUDE, .7 N\ACH NUMBER, Standard Day 

6. lE-lF, 11000. M, (36,089 FT) ALTITUDE, . 7 MACH NUMBER, Standard Doy 

7. lE-lF, 11000. M, (36,089 FT) ALTITUDE, .9 MACH NUMBER, Standard Day 

Tables 2~5 show performance parameters of typical operational modes. The above 
data was calculated using DDA inhouse performance techniques before the propulsion 
system card deck was complete. 
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Control margin is defined as fhe thrust available for aircraft attitude control while 
the engines are operating at intermediate power. With horsepower transfer and fan 
pitch angle adjustment, thrust from one turbofbn can be increased as much as the 
control margin while the thrust from the other turbofon is decreased the same amount. 
The attitude control thrust values given in Tables 2-5 are for either the high (+) or 
low (-) turbofan. 
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FESURE 3. PD370-25A INSTALLATION 
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figure 4. PD370-25D INSTALLATION 
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l4ible 2. PD370-25A Installed Performance 
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Table 4, PD3T0-25E Installed Performaiurc 
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4.0 Digital Computer Simulation Program 


The Detroit Diesel Allison Division of General Motors Corporation has prepared a 
program in the form of a deck of cards for use in calculating the steady state perform- 
ance of the DDA Model PD370-30and PD370-32 propulsion systems, 

The program considers the propulsiori system as an arrangement of power producers and 
thrusting units coupled together by shafting through a centrally mounted mixer gear 
box as shown by the sketch of Figure 1 . 

The Model PD 370-30 three engine-three fan system has two turbofan engines which 
are considered to be separate jet engines (I.e,., primary and secondary streams exit 
from separate nozzles), 

Model PD 370-32 system turbofan engines are considered to be confluent flow jet engines 
(i.e., primary and secondary streams are combined before exiting from jet nozzle). Mixing 
is accomplished by equal static pressures of the streams. 

The remote fen and the two fens of the turbofen engines are identicol Hamilton Standard 
variable pitch fens of 157.48 CM (62 inch) tip diameter. The turboshaft engine and 
the two gas generators of the turbofen engines are Detroit Diesel Allison XT701 turbo- 
shaft engines. 

With this program, the user may, for □ given set of flight conditions, calculate steady 
state performance by entering the proper values of 'he program input data. 

Steady state performance can be calculated for either vertical or conventional flight. 
Vertical flight performance is calculated with the remote fen producing vertical thrust 
and the turbofen engines configured to produce vertical thrust. Conventional flight 
performance is calculated with only the turbofons producing normal forward thrust. 

Vertical flight performance calculations are performed under the following constraints; 

o equality of fen rotational speeds 

o equality of turbine inlet temperature, turbofen and turboshaft units 

o power balance in shafting 

o equality of lift thrust, turbofen and remote fen units (non-attitude control 

only) 
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Fan rotaHonal speed is fixed at a preset value for all vertical flight calculations. 
Equality of lift thrust from the remote fan and the two turbofan units is achieved by 
adjustment of the individual fan pitch angles, along with power transfer within the 
shafting for delivery of required power to each lift unit. Gearing losses are con- 
sidered during the calculation of power transfer. 

The thrust of a turbofon is calculated as the total net thrust, the sum of the primary 
and secondary thrusts. However, the residual thrust of Ihe turboshaft engine Is not 
considered during thrust balancing. 

The system performance can be calculated during v«i ticnl modes of level flight and 
pitch and roll attitude control. For each of these modes, performance can be 
calculated with all engines operative or with one engine Inoperative. Either o 
turbofon or the turboshaft engine can be inoperative. Performance con Lte calculated 
either "dry" or with a preset amount of water/alcohol Injection augmentation. 


Attitude control performance is calculated on the basis of a thrust increment, which Is 
input by the user. For roll control, this increment Is applied to one of the turbofon 
engines by adjustment of its fon pitch angle. The fon pitch angles of the opposite 
turbofon engine and the remote fan are then adjusted until a solution Is achieved which 
simultaneously balances power transferred through the shafting and causes the thrusi of 
the remote fan to be an average of the two turbofon thrusts. Thus, no pitching momeni 
exists. 

For pitch control, the input thrust increment is applied to the remote fan. The fon 
pitch angles of the turbofon engines are then adjusted until a solution is achieved 
which simultaneously balances power transferred through the shafting and maintains 
equality of the turbofon engine thrusts. Thus, no roll moment occurs during pitch 
control. 

When a turbofan engine is Inoperative, power is transferred through the shafting to 
sustain the fon of the inoperative engine. Again, fan pitch angles of both turbofon 
engines and the remote fon are adjusted until thrust equality of the thiee units or the 
proper roll or pitch control thrust Is achieved. 

V^ith the turboshaft engine Inoperative, sufficient power is transferred through the 
shafting to drive the remote fon. All fon pitch angles are adjusted to achieve equal 
thrust or control thrust. 

Normally, vertical flight performance is calculated at "Intermediate" power level. 
However, the user can request a thrust level for any vertical flight operational mode. 
This thrust must be lower than that obtained at the intermediate power. The program 
will calculate the fon pitch angles. A "contingency" power level greater than 
intermediate is also available. The performance calculated at this power level Is to 
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be used for informaHon purposes only. The intermediate power level Is the 
qualified rating of the XT701-AD-700 engine. Any higher rating such as contingency 
would require development and testing beyond the scope of the baseline Research and 
Technology Aircroft development program. 

The system performance during conventional flight Is calculated with the turboshaft 
engine unpowered and disengaged, and the remote fan disengaged, The turbofan 
engines are configured so as to produce norma! forward thrust and are considered equal 
in oil respects. The center mixing geor is still coupled to the system. Thus, the calcu- 
lation becomes one of a conventional turbofan with the addition of a small amount of 
power flowing to the center gear from the cross-shaft. This power is composed of the 
center gearing losses andony requested customer power extraction from the center 
gearbox. 

predefined power levels of "intermediate" and "maximum continuous, " and also lower 
undefined power levels are available for the study of climb and cruise performance in 
the conventional flight mode. 

Certain temperature and rotational speed limiters are built into the program. At any 
flight condition and operational mode, system performance is limited by whichever of 
these limiters is in effect. This is in accordance with standard procedure tor engine 
performance calculations. Additionally, for this propulsion system, the fan pitch angle 
is limited to within a range bounded by a minimum (negative pitch) and a maximum 
(positive pitch' This effectively limits the torque moment available for roll and pitch 
maneuvers in Tis analytical performance model . 

The card deck as delivered to users calculates the performance of on uninstalled propul- 
sion system. The user can input hi: own installation factors such as inlet losses, nozzle 
coefficients, and flow bleeds and power exfractions. The details of the method of 
entering these and other inputs into the program are described In a users manual report, 
which accompanies each card deck. 
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5.0 Design Information and Analyses of Shaft 
Driven Lift/Crulse pan Propulsion System 


5, 1 General Description 

The shaft driven llft/crulse fan propulsion system for the V/STOL Research and 
Technology Aircraft shown in Figure 1 consists of two lift/cruise (L/C) turbofan 
engines, one turboshaft engine and one lift fan connected together with shafting 
through a combiner gearbox. A disengaging clutch permits the disconnection of the 
lift fan during cruise operations, 

Design work under this contract was limited to the definition of the lift/cruise 
turbofan engines and the turboshaft engine. The lift/cruise engine, Detroit Diesel 
Allison Mode! PD 370-25, is a modified DDA XT701-AD-700 turboshaft engine 
integrated with a Hamilton Standard variable pitch fan in a conventional front fan 
arrangement. A significant portion of the engine's power can also be transferred 
through a radial drive gear set and cross shaft to the other lift/cruise fan or the lift 
Ran during V/TOL operations, attitude control operations or emergency engine out 
operations. The center engine shown in Figure 6 is o standard XT701 except for 
oil system and control modifications. This arrangement weighs 515 kg (1135 lbs). 

Two bosic concepts of vectoring the thrust from the lift/cruise engine were considered. The 
"fixed nacelle" engines (PD 370-25A) have the thrust vectored by use of a deflector 
exhaust nozzle that Is nacelle mounted. The "tilt nacelle" engines (PD 370-25E) 
have the thrust vectored by tilting the nacelle including the engine. This necessitates 
a single point mount about which the engine rotates. The rotation centerline is coinci- 
dent with the radial drive centerline, 

Figure 7 shows the fixed nacelle lift/cruise engine PD370-25A general arrangement 
and Figure 8 shows PD 370-25E the lift/cruise engine used in a tilt nacelle installa- 
tion. In both engines the power turbine drives the fan through a planetary reduction 
gear set to provide the proper sp'“ed match. The L/C engine gearbox also incorporates 
an overrunning clutch to allow the fan of on inoperable engine to be driven by the 
cross drive without the necessity of driving the inoperable power turbine. The engine 
and aircraft accessories ore driven by a core mounted accessory box aft of the fan 
support assembly. 

An interface agreement has been reached between Detroit Diesel Allison and Hamilton 
Standard on the Interface of the HS vorloble pitch fan rotor and the DDA turboshaft 
engine, gearbox assembly and fan frame assembly which oil together form the lift/ 
cruise turbofan engine. Appendix A is the Interface definition between DDA and HS 
with the latest revisions included. This Interface v/ill be updated and refined os the 
definition and design of the V/STOL Research and Technology aircraft propulsion system 
continues. 
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5.2 Design Requirements 

The design requirements for the propulsion system are as follows! 

5.2,} Design Point 

VTOL mode of operation {Design for the more severe condition of 3 engines and 3 fans 
operoting or 2 engines and 3 fans operating with one lift-cruise engine inoperative). 

Sea level static, 305,6“K (90'’F) day conditions. Intermediate Power (maximum thrust 
condition)* Nominal maximum thrust horsepower distribution for all engines operating, 
one lift cruise engine inoperative without water alcohol, and one L/C engine Inoperative 
with 3% water alcohol, are shown in Figures 9 , 10 , and 11 respectively, 

5.2.2 Operating Envelope 

The propulsion system shall be designed for operation In a cruise mode up to 11887,2 
metres (39,000 feet) and a VTOL mode up to 609.6 metres (2000 feet). The temperature 
range for operation shall be 219,4® to 347. 2“K (-65® to +165®F)* 

5.2.3 Dynamic Thrust Response 

The propulsion system shall have a thrust response characteristic (time constant) of 0.2 
seconds or less. Time constant as used here is defined as the time required to change 
thrust by 63.2% of the total thrust change after a step change in the power (or control) 
level. 

5.2.4 Stall Margin 

The fan stall margin requirements for the lift fan and the lift/crulse fons shall not be 
less than: 

20% for takeoff and landing 
20% for cruise 
10% for Maximum Control 

''surge 

STALL MARGIN =P , * W. 

“P P' \URGE 


“ Total pressure at surge 

SUhG t 

P = Total pressure at operating point 

op pt 

W. op pt = Air Flow at operating point 

W . = A i r F I ow a t surge 

^SURGE 
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6315kW "T (8469 shp) 



CONDITIONS: INTERMEDIATE POWER, 305.3“K (90‘’F) DAY, INSTALLED 
figure 9. NORMAL POWER DISTRIBUTION, ALL ENGINES OPERATING 
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LF 


3921 kW ^ (5258 shp) 



CONDITIONS: INTERMEDIATE POWER, 305.3° K (90“F) DAY, INSTALLED 

FIGURE 10. normal POWER DISTRIBUTION, ONE ENGINE INOPERATIVE 
WITHOUT WATER/ALCOHOL 
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t LF 
i- 


4186 kW 


(5614 shp) 


r ■ 


L/C F 

1 

3816 kW i (511 7 shp) 




6597 kW ^ (8847 shp) 


iSJ 


6653 kW 


(8922 shp) 


L/CE 


2781 kW ' 

■■ ■ I ■— ■! 

(3730 shp) I 



4289 kW 

- - 

(575! shp) 


5807 kW 


(7787 shp) 



CONDITIONS: INTERMEDIATE POWER, 305.3“ K (90*’F) DAY, INSTALLED 


FIGURE n. NORMAL POWER DISTRIBUTION, ONE ENGINE INOPERATIVE, 
3% WATER/ALCOHOL 
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5.2.5 Specifications 


The propulsion system shall be designed in accordance with Military Specifications 
MIL“E~5007D and MIL“P“26366. 

Detroit Diesel Allison Prime (tern Development Specification 844B covers the require- 
ments of the XT701-AD-700 engine. 

5.2.6 Design Life 

The lift fan assembly and the lift/cruise turbofan engine and ail components thereof 
shall be designed for 500 hours of operation with 500 research and technology aircraft 
duty cycles. The duty cycle is shown In Figure 12 , 

All propulsion system components shell have a design life of 50 hours or more at a VTOL 
maximum thrust condition. 

Maximum thrust is defined as the thrust available from 3 engines and 3 fans operating at the 
intermediate power rating or from the intermediate power operation of 2 engines and 3 fans 
with one lift/cruise engine inoperative. 

All propulsion system components shall have a design life of 5 minutes or more during 
VTOL maximum attitude control operations, 

5.2.7 Mechanical Limits 



RPM 

Engine Gas Generator Turbine Speed 

15450 

Engine Power Turbine Speed 

12300 


5.2.8 Structural Limits 

The propulsion system shall be designed to operate with the acceleration loading envelopes 
shown In Figure 13 . 

The engine, gearing, clutch, shafting, front frame, bearings and a 1 1 components of both 
lift and lift/cruise fons shall be capable of withstanding oil loadings Imposed by the loss 
of a blade shel I, leading edge sheath and fi II . 

5.3 Design Goals 

5.3.1 Design Approach 

Designs for engine modifications and new components shall conform to a philosophy v/heie 
weight is minimized (within state-of-the-art technology) while minimizing cost and 
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o MANEUVER LOADING CRITERIA 



Down 


Landing (0 to Max. Thrust) 
Accelerations in g ' s 


Down 

Flight (0 to Max. Thrust) 
Accelerations in g*s 


Co 

Co 


FIGURE 13. MANEUVER LOADING CRITERIA 



maintaining adequate safety margins, The engine modifications shall provide engine 
and drive capability which is consistent with operational requirements of the fans. 
Interchangeability of lift fan and lift/crulse fan components shall be accomplished in 
the design, 

5.3.2 Mo into inability 

In designing the propulsion system hardware, maintainability shall be considered. 
Provisions shall be included for easy access to hardware requiring service, inspection 
and/or repair, "High risk" parts (those vulnerable for FOD, or those where life 
expectancy may be reduced due to severe operating conditions) should hove field 
joints to preclude the need for major teardown during a repair cycle. Also, access 
ports should be located in strategic areas of the assembly where borescope or other 
routine nondestructive tests may be performed. Self-contained lube/hydraulic/ 
electrical systems shall be used. 

5.3.3 Fan Distortion 

The fan shall have no greater than a 5% thrust loss due to the following distortions, 
considered separately: 

a. Pressure Distortion 

(1) Inlet total pressure distortions, * {152.4 MM (six inches) forv/ard of 
fan face) of 15 percent 

or 

(2) Exit static pressure distortions * (152,4 MM (six Inches) aft of fan stator 
exit) of 1 5 percent 

b. Temperature Distortion 

(1) Temperature over 50 percent of inlet face at least 283°K (50°F) above 
ambient infet temperature 

or 

(2) Changes of average temperature of 283°K/sec (50°F/sr ) for 1/2 
second 


*Distortion=P^^-P^I^ 


AVG 
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5.4 XT70T-AD-700 Engine ModiFlcaHons 


When used os fhe cenl'er engine in a three engine otrcraft, the existing turboshaft 
engine may be used without modification. However, when the existing engines are 
fitted with variable pitch fans as shown In Figures 7 or 8 some additional modifica- 
tions are required. 

5.4.1 Inlet Housing and Compressor 


The inlet housing on the XT701 engine is removed before incorporating the variable 
pitch fan and fan frame assembly. The removed inlet guide vanes, front compressor 
bearing and related hardware from the inlet housing are incorporated Into the fan 
frame for use on the lift/cruise fan engine. 


The PD 370-25 compressor discharge reaches a maximum temperature of 713° K (823°F) 
at sea level intermediate on a 305° K (90°F) day. Compressor discharge total pressure 
is 1406kPa (204 psio) for this point. The compressor discharge total pressure of the 
PD 370-25 reaches a maximum of 1482 kPo (215 psia) at .4 Mn at sea level intermediate 
with a compressor discharge temperature of 681 °K (767°F) • This compares to design 
maximums of 1431 kPa (207.5 psia) compressor discharge total pressure and 757°K 
(903°F) compressor discharge temperature for the XT701 engine. Preliminary analysis 
indicates no compressor modification is required for the lift/cruise engines. 


Compressor anti-icing will not be provided on the PD 370-25 lyC engines. It is felt 
that the nature of the flying envisioned for the RTA does not warrant Its inclusion. 

Modifications to the compressor Inlet to accept the wate./aicohol injection option 
are discussed in Sections 5.5. 

5.4.2 Diffuser/Combustor 

Preliminary studies indicate there is no requirement for modification to the present XT701 
di ffuser/combustor components for use in the lift/cruise engines. 

5.4.3 Turbines 

There ore no present requirements for modifying the XT701 turbines for use in the PD 370-25 
unless additional cooling Is desired for the H.P. turbine for short term contingency opera- 
tion. Modified turbine cooling Is discussed in Section 5.6. 
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5.4.4 S haffing and Rotor Dynamic s 

To provide for the XT701 moinshoffing was sized for 15,000 LCF cycles from 0 fo 

7457 Nm (5500 ft-lb). This would provide 9,000 KW (12,000 hp) capability without 
modification. 

The rotor dynamics ore dependent upon rotor mass, rotor construction, moinshaft span 
and stiffeners and bearing support rates. As these parameters remain unchanged, the 
rotor dynamics for the L/C engines should be acceptable. 

5.4.5 Mo inshaft Bearings and Thrust Balance 

The moinshaft bearings remain unchanged. Preliminary vent system and thrust balance 
analysis indicates that thrust loads remain at acceptable levels. 

5.4.6 Accessory Gearbox 

The new fan frame used on the L/C engines does not provide clearance for the starter 
when mounted on the present accessory gearbox. This, and the probable requirement 
for providing power from the high pressure rotor for driving aircraft hydraulic and 
electrical power systems, necessitate the design of a new accessory gearbox for the 
PD 370-25. A tentative accessory arrangement can be seen from the installation 
drawings. Figures 3 and 5 . The arrangement shown can be modified to suit 
the Individual airframer's requirements when they are better defined. 

5.4.7 Oil System 

The present XT701 Oil System is driven by the high pressure rotor. In the PD 370 it Is 
possible to have a power section failure but to hove the lift/cruise gearbox driven via 
the cross shafting from the remaining operable engines, and in this case, the present 
system would not provide gearbox lubrication. Therefore the XT701 oil system must be 
modified to provide a lube pump driven by the L/C gearbox. 

The present oil system for the power section must also be retained to assure proper 
lubrication when the Interconnected low pressure rotors are dropped off in speed. 

The two pump system can have some components in common, however, such as the 
supply tank, the filters, and the oil coolers. 

The labyrinth seals for the L/C gearbox-compressor inlet assembly must be replaced by 
carbon face seals because in the case where the L/C gearbox is operable and its power 
section is not operating, there may not be sufficient air pressure available to pressurize 
the gearbox labyrinth seals. 
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Also In the case of the tilt nacelle engine sump, modification must be accomplished to 
allow scavenging and to prevent leakage when the engine is operated or shut down In 
the vertical position. 

The fuel consumption of the lift/cruise engines is insufficient to provide use of the fuel 
as a solitary cooling medium with the additional cooling load of the lift/cruise gearbox. 
Therefore supplemental cooling must be supplied by either an airframe mounted airfoil 
cooler or airfoil surface coolers mounted in the fan flowpath in the nacelle. 

5.4.8 Torquemeter 

The present PD 370-25 engines hove the XT701 torquemeter deleted. It is thought that 
the lives of the engines can be enhanced and a lighter installation obtained if the 
engines are rnatched on turbine temperature in lieu of torque. The additional gear and 
cross shaft loads incurred as a result should not noticeably affect gear/bearing/shoft 
system life. 

5.4.9 Con trois 

XT701-AD-700 engine controls require modification and these are described in Section 
5.10. 


5.5 Water-Alcohol Injection 


5.5.1 introduction 

The RTA 3 engIne-3 fan propulsion system does not include a water-alcohol Injection 
system. However, the addition of the system to the turbofan and turboshaft engines can 
be accomplished. The system would be added for the purpose of providing additional 
power and thrust to the system when one engine becomes inoperable in V/TOL flight 
modes. The augmentation would add to the output of two engines and three fans. 

5.5.2 Effects on Propulsion System Performance 

The effect of vWJter-alcohol Injection on the horsepower and thrust augmentation of the 
RTA llft/cruise engines and center turboshaft engine is obtained using an empirical 
method. This method is based on civil T56 (501-D13) turboprop engine tests with water- 
alcohol Injection. Briefly, the method Is based on the experimental observation that the 
501-D13 augmented shaft horsepower, at a given compressor inlet temperature, can be 
calculate:' by running the engine nonaugmented but at a reduced compressor inlet tempera- 
ture. This temperature is defined as the equivalent inlet temperature. 
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The water-alcohol mixture implied in the equivalent temperature correlation consists 
of 2/3 water, 1/3 methanol by volume and is injected immediately upstream of the com- 
pressor In the case of the lift/cruise engines, and at the compressor inlet for the center 
(turboshaft) engine, |t was assumed that the 501-D13 equivalent temperature values could be 
directly applied to the RTA engines based on a general similarity of compressor charac- 
teristics, To simulate water-alcohol injection on the customer card deck cycle, the 
inlet temperature into the compressor is automatically reduced to the equivalent 
temperature value from the actual compressor inlet temperature according to the experimental 

correlation. In the case of the lift/cruise engines, these values correspond to the 
fan discharge temperature and pressure, The resulting cycle calculation produces an 
increase in the horsepower delivered to the fans with a corresponding Increase In engine 
thrust. 

Typical results of the simulated water-alcohol operation are shown In Figure 14 for the 
lift/cruise engines and turboshaft engine for a range of engine Inlet temperatures; also 
shown for comparison is the 501 -D 13 engine test data. 

The RTA propulsion system computer card deck can be used to calculate OEI performance 
with water-alcohol augmentation. On a standard day, the total net thrust of a dry, un- 
installed system is calculated to be I31325N (29523 lbs) and when water-alcohol is 
injected into the remaining turbofan and turboshaft engines the total net thrust increases 
to 138197N (31068 ibs) on increase of 5.2%. On a 305. 3°K (90°F) day, the total net 
thrust ofa dry, uninstalled system is 120556N (27102 Ibs). With water-alcohol Injection, 
the total net thrust is 132953N (29889 Ibs), an Increase of 10.3%. 

5.5,3 Addition of Water-Alcohol System to the Propulsion System 

The addition ofa water-alcohol system to the Hft/cruise turbofan and the XT701-AD-700 
turboshaft engine requires minor modifications to the fan frame at the compressor Inlet and 
inlet housing, plus the addition of the required plumbing, valves, pumps, tank, etc. as 
described below. 

Water-Alcohol Mixture 


A 33% methanol, 67% distilled water mixture by volume is used. 

General Arrangement of the System 

Figure 15 shows the water-alcohol system general arrangement for a 3 engine V/STOL 
configuration. Figure 16 shows the Injection components installed in the turboshaft 
engine. Figure 17 shows the nozzles installed in the fan frame at the inlet of the 
turbofan compressor. 

Tables 6 and 7 show the water-alcohol flow capacity and weight breakdown, respec- 
tively. 
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THRUST 

H.P.C. AUGMENTATiON 



ENGINE INLET TOTAL TEMPERATURE 


FIGURE 14. EFFECTS OF WATER/ALCOHOL INJECTION 
ON RTA ENGINES 
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FIGURE IS.WATEr/aLCOHOL SYSTEM SCHEMATIC 






FIGURE 16. COMPRESSOR INLET WITH WATER/aLCOHOL MODIFICATIONS 




FIGURE 17. TURBOFAN INLET WITH WATER/ALCOHOL 
MODIFICATIONS 
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TABLE 6. 


RTA Woter/Alcohol Flow Copocily 


T56-A-10W 


WATER ALCOHOL MIXTURE RATIO 

Methanol 33^o 

Water 67 % 

ENGINE REQUIREMENT 

No. Engines 4 

Required Engine Flow^ litre/sec (GPM) .5 (8) 

Total Required Flow, litre/sec fGPM) 2 (32) 

MOTOR DRIVEN PUMP 

No. Used 2 

Single Pump Capacity ^ 1034 kPa, litre/sec (150 PSl, GPM) 2 (32) 

FLOW REGULATOR AND SHUTOFF (DDA SUPPLIED) 

Required Flow, litre/sec (GPM) .5 (8) 


* 


RTA 

y/STOL 

33 % 

67 % 

3 

.7(10.6) 

2 (31.8) 

2 

2 (32) 
-7(10.6*) 


MOVE; T56 Flow Regulator Will be Modified Internally To Provide Required Regulated Flow Output 



TABLE 7. 


Estimated Weight Breakdown of Water Alcohol System for RTA 


Quantity 

Item 

Kg 

ii 

2 

W/A Pumps 

n 

(25) 

2 

Pressure Switches 

.9 

f2) 

2 

Check Valves 

.9 

(2) 

3 

Regulators and Shutoff 

9.5 

(21) 

30 

Nozzles 

4 

( 9 ) 


Tank, Wiring, Piping and Mounts 

44 

(96) 


NOTE: An interface definition will bo established between airframei 

and DDA on supply of W/A system components. Therefore, 
the above components, except for regulators and nozzles, 
hove not been included in engine weights, 
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Components 


The engine furnished system consists of an aircraft mounted flow regulator and ten m|ector 
nozzles. The regulator control valve solenoid is energized to open the regulator valve. 
The regulator controls the flow at ,669 litre/second (10,6 gallons per minute) per engine, 
The ten nozzles are mounted on the inlet housing, in the front of the HP comoressor inlet. 
Each nozzle has a plug in the center which produces a widely diffused spray An inlet 
screen incorporated in each nozzle protects the nozzle from contamination, 

The fuselage-mounted tank has a useable capacity of 121 to 148 litres (32 to 39 gallons). 
This results in u '‘•ow duration of over one minute, sufficient for one hot day takeoff or an 
emergency landing. 

The centrifugal pumps are motor-driven and each has a capacity of 2.0 litre/second (32 
gallons per minute). One pump is capable of supplying the required volume of flow. Two 
pumps mounted in parallel are desirable for reliability. The pump outlets connect into a 
distribution manifold which delivers ^water-alcohol to each engine. 

5.6 XT701-AD-700 Engine Short-Term Contingency Operations 


5.6.1 Introduction 

The XT701-AD-700 engine is qualified at an intermediate power rating and this is the 
maximum rating used for the engines in the RTA propulsion system, Any higher rating such 
as contingency would require development and testing beyond the scope of the baseline RTA 
development program. However, since aircraft total weight and thrust to weight ratio 
requirements at VTOL modes of operation might exceed the thrust available in a one 
lift/cruise engine inoperative condition, a feasibility of operating the XT701-AD-700 
engine at short term contingency levels above intermediate powers has been studied. 

5.6.2 Component Life 

A preliminary study ha. • ^..,i that the XT701-AD-700 engine has sufficient turbine life to 
operote satisfactorily foi hours to the duty cycle shown in Figure ]2 , with the inter- 
mediate power rating of 1561°K (2350°F) burner out temperature, plus one hour of contin- 
gency operation at a burner out temperature of 1617“K (2450“F). This study considered 
two types of engine environment, a lift/cruise engine with a 1 .218 pressure ratio fan 
forward of the compressor, and a center engine without the ram effect of the Idn. 

The HPl vane showed the highest surface temperatures, with maximum local temperatures 

of 1397°K (2054°F) and 1439“K (2130°F), at burner out temperatures of 1561°K (2350° F) 
and 1617°K (2450°F) respectively. With current cooling levels, some vane deterioration 
would be expected at the higher temperature. 

The analysis indicated that the HP2 blade has the lowest stress rupture life, but would meet 
the above requirements with current cooling levels. 
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5.6.3 Modificafions Required 


The preliminary sfudy has shown thaf the existing XT701-AD-700 engines have sufficient 
turbine life to meet the goals defined above. However, slight increases in 1st vune and 
2nd blade cooling flows, which could be accomplished by increasing metering hole sizes, 
would provide reduced metal temperatures for additional operating margin. 

5.6.4 Conti ngency perfo rman ce Augmenlot ion 

The RTA propulsion system computer card deck can be used to calculate one level of 
contingency. This level is a 57®K (100“F) increase In burner outlet temperature iBOT). 

Using Boeing installation foctors, one lift/cruise engine inoperative performance on u 
305, 3‘ K (90°F) day has been colculated with the new card deck. The total net thru.t 
available at intermediate power is 116908N (26232 lbs) while at the contingency levt I 
the total net thrust is 120182N (27018 lbs). The increased BOT provides a 2,8% increase 
in thrust. 

To evaluate the effects of water-alcohol injection and contingency level turbine tempera- 
tures on total system thrust, calculations were made using Boeing Installation fbctorj on a 
305. 3°K (90°F) day. With one Ijft/cruise engine inoperative, the total net thrust wus 
133745N (30067 lbs), an increase 14.4% over the Intermediate power setting total 
thrust. 

5.7 Bevel Gear Cross Shaft Location Study 

It became obv'ous early in the V/STOL studies that the genera! arrangement tliat afforded 
the lightest wt >ght for the fixed nacelle engine (Figure 7 ) with the cross shaft drive 
located in front of the reduction gear was probably not the optimum arrangement for he 
tii' lucelle engine installations. 

|t is necessary In the tilt nacelle engine for the engine to rotate about the centerline of 
the cross shaft. Placing the cross shaft forward on the engine leads to three distinct dis- 
advantages; 

o The distance from the pitch axis to the exhaust nozzle Is greater, which would result 
in longer landing gear for an equal nozzle ground cleaiunce. While not possible 
for the engine manufacturer to evaluate the Impact on system weight it is believed 
to be considerable. 

o The distance from the engine pitch axis to the engine CG is greater, resulting in a 
larger CG shift when the engine is rotated and also resulting In larger engine mount 
loads. 
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o The engine musf bo lengthened over the fixed nacelle engine with the same 
gear arrangement to provide a load path for the engine mount loads to be 
distributed into the fan housing. This increases engine weight. 

With these factors in mind^ two lift/cruise gearboxes were designed; Figure 18 shows the 
optimum cross shaft forward arrangement modified to o tilt nocelle mounting. Figure 19 
shows the optimized cross shaft aft design. The designs were coupled with an engine to 
form the PD370-25D shaft- forward and PD370-25E shaft-aft turbofan engines. Installation 
envelopes ore shown in Figures 4 and 5. pertinent data is summarized below; 


Engine Model 

Cross Shaft to exhaust flange length mm (in 

Overall length mm (in) 

Cross Shaft to C/G mm (In) 

Weight Kg (pounds) 

Mount Moment N”fn (Ft. Lb.) 

it can be concluded therefore, that for a ti 
is lighter, shorter, and should also result ir 


Shaft Fwd 

Shaft Aft 

PD370-25D 

PD370-25E 

1971(77.6) 

1819(71.6) 

3183(125.3) 

3155(124.2) 

406(16.0) 

315(12,4) 

1262(2783) 

1196(2637) 

5030(3710) 

3695(2725) 


nacelle installation, the aft shaft engine 
substantial savings In airframe weight. 


5.8 pr eliminary Design Studies of Lift/Cruise Engine Unique Components 

Since the purpose of the Research Technology Aircraft is to prove o flight concept 
and not hardware technology, the criterion for the design of the components unique 
to the lift/cruise engines is to design within tfie present state-of-the-art using 
present design concepts, materials, material allowables, and making the maximum 
use of existing hardware where possible. 

5.8,1 Reduction Gear 


Probably the best example of the use of existing hardware is the reduction gear. The 
T56 turboprop engine reduction gearbox shown in Figure 20 has a planetary output 
stage with a ratio of 4.33 to 1. The input is to the sun gear at a speed of 4424 RPM 
and the output Is from the planet carrier at 1021 RPM. This gearbox has accumulated 
over 65 million flight hours and Is capable of continuous operation up to 4101 kw 
(5500 horsepower). The operating parameters for the T56 planetary sat are shown in 
Table 8 
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FIGURE 18. PD370-25D LIFT/CRUISE GEARBOX GENERAL 
48 ARRANGEMENT 







FIGURE 19. PD 370-25E LIFT/CRUISE GEARBOX GENERAL 
ARRANGEMENT 






TABLES. T56 PLANETARY PARAMETERS 



SUN 

PLANETS (5) 

RING 

NUMBER OF TEETH 

30 

35 

100 

DIAMETRAL PITCH 

6 

6 

6 

PRESSURE ANGLE 

25° 

25° 

25° 

PITCH DiAMETER-mra 

131.2 

148.2 

427.6 

(in) 

(5.1667) 

(5.8333) 

(16.8333: 

FACE WIDTH -nun 

60.7 

56.9 

53.2 

(in) 

(2.39) 

(2.24) 

( 2.095) 

RPM 

4424 

2916 

0 


51 



The design speed of ^he 1575 mm {62 inch) diamefer Hamil^on Standard pan is 3543 
rpm and the design speed of the XT701 power turbine is 12,000 RPM, therefore the 
required reduction ratio is 12,000/3543 or 3,38/1. 

When the existing T56 planetary gear set is used os a "star" or fixed planet set the 
resultant ratio is 100/30 or 3,33 to 1, This provides o match at o turbine speed (N-j-) of 
11/810 RPM and a fan speed of 3543 RPM according to present component and cycle 
analysis and the reduction in performance parameters was negligible, Therefore, 
when the gear set is used in this manner, operating parameters shown in Table 9 are 
applicable. 


TABLE 9 


156 PLANETARY PARAMETERS WHEN USED IN PD370-25 



SUN 

PLANETS (5) 

^G 

NUMBER OF TEETH 

30 

35 


100 

DIAMETRAL PITCH 

6 

6 


6 

PRESSURE ANGLE 

25° 

25° 


25° 

PITCH DIAMETER ~ mm 

131.2 

148.6 


427,6 

(in) 

(5.1667) 

(5.8333) 


(16.8333) 

FACE WIDTH - mm 

60.7 

56.9 


53.2 

(in) 

(2.3?) 

(2.24) 


(2.095) 

RPM 

11,810 

10, 123 


3543 

BENDING STRESS * - MPa 
(SJ 

(PSl) 


101 

106 



(14, 691) 

(15, 170) 


CRUSHING STRESS * - MPa 


914 

518 


(S^) 

^ (PSl) 


(132,558) 

(75, 157) 


MATERIALS 

AMS 6265 AMS 6265 


AMS 6265 


^ ALL ENGINES OPERATING - 6540 kw (8771 HP) 



II- Is also easy to attain other reduction ratios by changing the number of teeth in the 
sun and ring gears while keeping the planet bearings unchanged; in this manner 
existing tooling can be used and the T56 experience is still applicable. Ratios attain- 
able are shown in Table 10. 


TABLE 10 


RTA V/STOL POTENTIAL 

RATIOS USING EXISTING T56 PLANET ASSEMBLIES 


RATIO 

3.182*1 

3.258:1 

3.333*1 

3.414:1 

3.592-1 

RING GEAR TEETH 

105 

101 

100 

99 

97 

SUN GEAR TEETH 

33 

31 

30 

29 

27 

PLANET GEAR TEETH 

35 

35 

35 

35 

35 

NUMBER OF PLANETS 

5 

4 

5 

4 

4 

MAX. POWER KILOWATTS 10482 

7878 

9530 

7332 

6861 

(HORSEPOWER) 

(14,057) 

(10, 564) 

(12, 780) 

(9, 883) 

(9,201) 

N.^ - 11,810 RPM 

II 

u 

1103 MPa 
(160, 000 PSl) 


= 193 MPa 
(28, 000 PSi) 


5.8.2 planet Gear Bearings 

The only bearings seeing an appreciable gear load in the planetary set are the planet 
bearings. The planets in the T56 reduction gear box, and thus the pD 370-25, are 
supported by a pair of spherical bearings. 

At 4101 kw (5,500 horsepower) in the T56 gearbox these bearings have a radial load of 
2844 rg (6270 pounds) each and, for a C130 aircraft long range mission, a cubic mean 
load of 1529 kg (3371 pounds). In each case the rotational speed is 2916 RPM. 

In the PD370-25 application the bearing load is 1698 kg (3744 pounds) at 6540 kw 
(8771 horsepower) (all engines operating) and 1193 kg (2630 pounds) for the cubic 
mean load fora typical V/STOL mission, in the V/STOL a ppl i cation the bearing 
rotates at 10, 123 RPM. 
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5.8.3 Planef Carrier 


The only reduc^ion gear member having o major change from fhe T56 is fhe planef 
carrier. The planef carrier has been changed from a rolafing sfeel member in Hie 
T56 fo a stafionary aluminum casfing in fhe V/STOL appllcafion. This change in 
maferials is permiffed since fhe carrier no longer carries propeller moment loads as 
in fhe T56. The use of an aluminum cast carrier also allows fhe use of cored passages 
for variable pitch fon services. 

5.8.4 Overrunning Clutch 

Test data from the XT701 indicates that it requires about 462 kw (620 horsepower) 
to rotate the L.P. rotor with the gas generator not operating. With an inoperable 
engine on the V/STOL aircraft this would represent an unacceptable toss to the 
propulsion system/ therefore a means of uncoupling the power turbine on an inoper- 
able engine is required. This is accomplished with an overrunning clutch in the PD370 
engines. 

The T56 incorporates a "safety coupling, " Figure 21 , thot uncouples the reduction 

gearbox from the power section in the event power section failure to allow the propel- 
ler to windmill. 

The T56 safety coupling consists of a set of helical drive splines held in engagement 
by the axial force generated by the spline helix angle and suplemented by a pre loaded 
set of Belleville springs. When the helical splines generate sufficient axial force from 
a negative torque to balance the Belleville preload and spline friction the intermediate 
member moves axia My as shown in Figure 21 and disengages. The Belleville springs 
continue to exert an axial load on the disengaged splines which "rochet" until the 
speed of the intermediate member reaches that of the inner member v/hen engagement 
is again accomplished. The spline ratcheting wears the spline ends where this type of 
coupling is overrun for long periods of time. 

A centrifugpl anti-ratcheting device was incorporated into the T56-A-18 gearbox 
safety coupling. 

The safety coupling, shown in Figure 22 Is comprised of these major parts; 
o Helical sp ned pinion drive shaft, B 

o Outer helical splined coupling, C 

o Aft helical splined coupling, D 

o Belleville springs, F 

o Centrifugal hydraulic dams, A and E 
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FIGURE 22. TS6-A18 SAFrfV COUPLING 



0 


Ball lock, G 


PosIHvg I’orque Is transmltl'ed through helical splines on members B, C, and D. The 
oft motion of coupling C is limited during positive torque transmission by the aft 
retaining ring against member D. Negative torque, acting through the helical 
splines, produces a forward motion on coupling C. Decoupling occurs when the 
Belleville springs F force is exceeded by this axial component and coupling C is 
moved forward out of engagement with splined member D. Hydraulic centrifugal 
action then holds the splines of C and D separated until spued is almost equalised, 
at which time the parts ratchet briefly and recouple, 

The hydraulic anti-ratcheting features of this safety coupling are unique to the TGd-A- 
18, The front and rear hydraulic dams (or cupsl are attached to the outer splined 
member to retain the rotation oil. Axial force generated by this rotating oil is used 
in the following manner to reduce ratcheting load and differential speed during 
decoupling operation. 

During normal running, on annulus of oil is retained by cups A and E which fill the 
entire coupling assembly outword from the inner diameters of the cups, When decoupled, 
the aft member D, which Is coupled to the power section, rotates at a lower speed than 
outer coupling C which Is coupled to the gearbox. The viscous or "spoiling" effects 
resulting from the reduced speed of the aft member D decreases the hydraulic pressure 
in the area of cup E, Hydraulic pressure against cup A is maintained at a higher level 
due to the higher speed of the gearbox. During flight, the speed of cup A remains 
unchanged. The unbalanced centrifugal head Is sufficient to keep the helical spline 
teeth separated on members C and D, thus eliminating ratcheting. As speeds of members 
C and D equalize, the hydraulic unbalance Is decreased allowing ratcheting to occur 
only briefly at reduced differential speed prior to recoupling. 

The V/STOL overrunning clutch is Identical In operation to the T56-A-18 clutch except 
in the source of the oil for anti-ratcheting. In the V/STOL clutch the oil in the annular 
retained by cup E will be provided by the power section and the oil retained by cup A 
will be provided by the L/C gearbox supply. When the power section oil supply is 
removed (as in the cose of a power section failure) and the clutch uncouples, the oil 
drains from cup E and the pressure generated in cup A drives the outer splined coupling 
C <0 the left and prevents ratcheting until the power section becomes operable and the 
oii is restored to cup E. When the power section oil Is restored the Belleville springs 
can move the outer coupling C to the right and re-engage the clutch. 

5.8.5 Right Angle Drive 

in both the fixed nacel le and ti It nacelle engines there is o requirement to extract and 
absorb power from the propulsion system via a right angle gear set. While the nominal 


57 



power fransferred for normot operation is slight, the power may reach v5 peak transient 
condition of 2587 kilowatt (3468 horsepower) with all engines operating and 5170 
kilowatt (6931 horsepower) during a transient with a L/C engine Inoperable, 

5.8.5. 1 Bevel Gears 

The bevel gears for both the tilt nacelle and the fixed nacelle engines ore designed to 
provide Infinite life during normal V/TOL operation including its control transients. 

In the proposed gear moterial AMS 6265 (9310 CEVM)/ the design conditions for 
infinite life are considered to be: 

Crushing Stress MPa (PSI) 1724 ( 250,000) 

Bending Stress MPo (PSI) 241 (35,000) 

pitch Line Velocity M/S (Ft/Min) 127 (25, (XJO) 

Allowable Scoring Index * K (°F) 422 (300) 

* Assuming a maximum oil In temperature of 422'’|< (300°F) with MIL“l-23699 oil. 

The choice of 9310 CEVM materials was made because the slight improvement in scoring 
and/or bending strength exhibited in other materials is not felt to be of sufficient 
magnitude to overcome the extensive experience In the manufacture of gears made of 
9310, 

5. 8. 5. 2 Lift/Cruise and Lift Fan Bevel Gear Commonal ity 

It would be desirable, from a logistics point of view, to use the same bevel gear set for 
the L/C engine that is used in the lift fan. If this could be accomplished it might 
become possible to devise a fan/gear module that is common to all three locations. 

In the tilt nacel le engine the pinion turns at power turbine speed, or 11,810 rpm, and 
to obtain the needed gear capjacity it is necessary to run the pitch line velocity at or 
near the 127 m/s (25,000 FPM) I imM*. The available envelope allowed by fhe engine 
flow parh dicfafes thaf the ratio is near unity. This combination does not afford suffi*^ 
dent capacity when used at the lower speed of the lift fan (3543 RPM)^ therefore a 
common set of bevel gears far the tilt nacelle L/C engine and the lift fan are not 
practica I . 

As the gear member rotates at the same speed <3543 RPM) In both the lift fan and the 
fixed nacelle llft/cruise fan gearboxes and the power requirements of both sets are 
similar, It is possible to use the same gear set in both locations. There Is a problem 
with shaft angles. Most present airframe designs have a shaft angle approaching 
102° with the lift fan gearbox and 90“ with the lift/cruise gearbox, 
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It was concluded that the gearsets can be common when a forward cross-shaft design Is 
used but the gains therefrom vould probably be slight when compared to forces compro- 
mised elsewhere In the system. As this trade is sensitive to the design of the airframe, 
any serious study should be delayed until an airframe layout is selected, 

5. 8. 5. 3 Bevel Gear Bearings 

The bearings Incorporated into the design of the lift/cruise gearbox will take advantage 
of the Detroit Diesel Allison high speed bearing experience and as a result, conventional 
bull and roller bearings will be predominant. However, tapered roller bearings 
have been used toon advantage in the PD370-25E lift/cruise gearbox where 
space is limited. , 

The gearbox bearings in the PD 370-25 are designed to provide an L-life in excess of the 
requirements of paragraph 5,2.6, 

The materials for the races and rolling elements for the ball and cylindrical roller elements 
wilt be CEVM 52100 or M50 steel with the separators for these bearings being silver 
plated one piece steel fabricated from AISI 4340. 

The materials used for the tapered roller bearings will be o proprietary carburizing steel 
used by the Timken Company, 

5.8. 5.4 Shafting 

The shafting for the lift/cruise gearbox will be made from Allison Specification EMS64500 
nitriding steel with the material properties derated by 3 sigma. The shafting will be sized 
for 10,000 LCF cycles at the maximum normal transient load. The splines on the shafting 
will be designed to a maximum of 138 MPa (20,000 psi) crushing stress if the spline is 
fixed and maximum of 103 MPa (15,000 psi) if the spline are subject to relative motion. 
Splines subje-t to relative motion will be hardened, ground, and lubricated. 

The end treatment of the cross shaft shall be such that either a dry flexible coupling or an 
oil lubricated spline can be used by the airframer for the cross drive, 
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5.9 Fon Frame and Engine Mounts 


5.9,1 Tilt Nacclifc! 

The design of a tiltoble nacelle presents some unique structural design problems, The 
tilt feature dictates u single point mount ottochmenl to the aircraft. The axis of 
rotation must be located at the center line of the radial drive output shaft. With these 
requirements in mind it was deemed necessary that a number of fan frame and engine 
inlet housing configurations should be studied, A preiimlnaiy weight versus str*. igth 
trade-off study of the various configurations was made. Several design facets were 
considered as items to be studied. These included the general type of construction - 
casting versus welded fabrication, location of the radial drive output shaft relative 
to the planetary gear set and various methods of transferring the loads from the engine 
carcass across the fon flowpath to the single point mount. 

A frame consisting of a cast mount attachment welded Into a sheet metal ring, formed 
from a box section, was considered. Ihe loads from the engine carcass are conducted 
across the fan flowpath through ten aerodynamic shaped struts into the sheet metal 
ring and Into the cast mount which is attached to the aircraft. Preliminary type stress 
and weight analysis Indicated that this was not an efficient structure for the Icxids 
encountered In this applicarion , Calculated lift/cruise engine weight with this fan 
frame was 1310 kg (2869 lbs). A second approach utilized a single structural pylon 
extending from the aircraft mount pad directly to the engine core (engine inlet housing). 

This configuration proved to give a lower weight to strength ratios than the previous 
scheme. The single pylon presented a sizeable local aerodynamic blockage Immediately 
aft of the fan rotor. This undesirable feature dictated the elimination of this configura- 
tion as an optimum design. Calculated lift/cruise engine weight with this design was 
1284 kg (2830 lbs). A third configuioMon utilizes a full ring typo construction with ten 
aerodynamic struts which conduct the loads across the fan flowpath, similar to the first 
frame described. The ring detail construction Is quite different, four stiff rings form 
the corners of the box section, The rings ore tied together by thin sheet metal 
cylinders at the Inner and outer circumference and flat plates at the fore and aft ends. 

In addition, hollow stiffening posts span between the rmgs in a longitudinal and radial 
direction to prevent the rings from rolling. The thickness of the rings and the shear 
webs are increased as the loads are gathered in approaching the mounting pad, thus 
providing a more favorable weight to strength ratio. This scheme also utilizes a 
welded engine Inlet housing, which affords an additional weight saving. Calculated 
lift/cruise engine weight with this design is 1196 kg (2637 pounds). This fan frame 
and engine inlet housing was judged to be the optimum configuration after preliminary 
weight and stress analyses and is used on the PD370-25E engine. 

In order to perform the preliminary feasibility and trade-off studies, the following 
loading Imposed by Boeing a irframe requiremciits was used instead of the maneuver loading 
criteria shown in Figure 13, Boeing's requirements were considered to be more reolistic 
and helpful In minimizing the structure's v/eight. 

Multiple loading criteria were used to soit out 'iiaximum '.'ertlcal t.md gyroscopic conditions 
since thrust can either increase or (fecterise total loads depending on tfre iiucelle attachment. 
Positive values are for up loading and negative “alucs fot down loading. 
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Engines in Conventional Flight PosiHon 


Vertical: 


Lateral: 
Longitudinal : 

Thrust: 

Engine Seizure: 
Gyroscopic: 


»4.0g (acceleration of gravity) + ^ ^ 

(Maximum Nacelle Thrust) 

•M.Og 

“3 • 5a + 1 1 5 T 

• 'max 

-3.5g 

±2. 5g 

iS.Og 
9g (crash ) 

l.ST^X * ^ ‘^9 Vertical 

Equivalent to stopping rotating mass in 0.6 
seconds 6022 N"m (53, 300 In- lb) 

i2.5 Rad/sec yaw +1.5 T, . . .. + 1 .5g 
.. I MAa 

vertical 

±?.5 Rad/sec. pitch + 1.5 T.,. „ + 4,5g 

L* 1 MAX 

vertical 


Engines in Vertical Flight position 
Vertical; 


La tera I ; 

Longitudinal: 

Thrust; 


5. Og + 1 . 5 T 
5.0g 
-3.0g + 1.5 T 


MAX 

MAX 


-3,0g 

±2.5g 


±3, Og 

. 5g vertical 


Engine Seizure: 


Gyroscopic: 


Equivalent to stopping rotating mass In 0.6 
seconds 6022N-m(53, 300 in-lb) 

■i-2. 5 Rad/sec yaw + 1 , 5T, ^ . v/ 1 • 5g vertical 
^ MAX 

±2,5 Rad/sec pitch 1 , 5J . + 1 , 5g vertica 

MAX 
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The limil' load design condiHons are 2/3 of these values. 

The fan case and engine inlet housing are TI 6-4 welded fabrications. The following 
material properties ond criteria were used; 

Matl “ Ti 6”4 (Annealed) 

Yield - 3 cr 422° K (300°F) 610 MPa (88,500 psl) 

Ultimate -3(T 422°K (300°F) 758 MPa (110,000 psi) 

Fan Frame - 

a) Web - allow elastic buckling up to yield 

b) Rings - to yield with no buckling 

c) Stiffners - to yield with no buckling 

d) Struts - no buckling or yield 

Inlet Housing - no yield 
5.9.2 Fixed Nacelle 

The fixed nacelle fan frame provides the support for the fan shroud and the fun 'met 
cowl. The inner bypass duct is also mounted on the fan frame. Aerodynamic and 
maneuver loads on the outer bypass flowpath members ore conducted across the bypass 
onnulus by ten aerodynamic shaped struts toon inner structural ring which is mounted on 
the Inlet housing at fore and aft flanges. The radial drive shaft Is conducted across the 
flowpath within one of the struts as are the necessary engine services. The fan tip treatment 
ring is an aluminum honeycomb fabrication. The outer and inner bypass Fiowpaths and struts 
are fabricated as a single aluminum weldment. A saddle type structure mounted between 
the outer ring Flanges provides an outboard bearing support for the radial drive shaft. 

The fan frame is mounted on the engine inlet housing. This inlet housing is an aluminum 
casting which Incorporates the flowpath entry to the high pressure compressor, compressor 
rotor front bearing support, compressor Inlet guide vanes, and front engine mount pods, 
Provision is also made to mount the fan Beta regulators. The inlet housing is designed 
such that It is capable of being mounted as either a right hand or left hand installation, 

preliminary stress analysis has been performed in order to determine the feasibility of 
the scheme and to size components for engine weight calculations. The flight maneuver 
loads defined in Figure 13 were used in the analysis. The PD370“2fA lift/cruise 
engine with this fcn frame weighs 1066 kg (2351 pounds). 
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5. 10 Propulsion System Control Studies 


Introduction 

The RTA controls effort was directed at the conceptual design of the RTA propulsion 
control system. The program apptoach was to analyze tie control problem and meet 
with Hamilton Standard, NASA LeRC, Boeing and McDonnell Douglas to establish 
operational requirements. This information was used to formulate a problem statement 
upon which the conceptual design was based. 

A basic constraint in the design was the maximum use of XT701 control system 
components to minimize development cost. However, the relationship of the 
propulsion and flight control systems in vertical and transition modes necessitates 
a similar degree of reliability. |n order to achieve high operational reliability, the 
propulsion control incorporates triple redundant, digital logic. The XT701 hydro- 
mechanical control is retained with minor modifications. 

Control Problem 


Two lift/cruise engines with integral, variable pitch fans, a fuselage mounted turbo- 
shaft engine, a clutched lift fan and appropriate power transmission system comprise 
the RTA propulsion system as depicted in Figure 23 . Controlled variables and 
controlling parameters are shown in Table 1 1 . 

Table 11 

Controlled Variobles 


Controlled V°rioble 

Symbol 

Controlling Parameter 

Fngine fuel flow 

w, 

Power level, fan pitch, engine limits, compressor 
discharge pressure 

Compressor Variable 
Geomeiry 

CVG 

High pressure rotor speed, inlei temperature 

Foil Pil'ch 


Flight control input 

Lift fan clutch 

— 

Transition input 

Lift/cruise nozzle 
area 


Mach number 

Water alcohol 


Engine out 
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FIGURE 23. PROPULSION ‘’VSTEf-'i CONTROL SCKEMAT5C 











The RTA propulsion conirol sys^em performs rhe following funcHonst 
Engine starfing 

Engine limiHng - pressure, speed, femperofure 

Stabilize system 

Fan pitch control 
Clutch control 
Load sharing 

Airframe interface 

Condition monitcM'ing 
Engine out operation 

Engine starting is initiated upon request from the flight deck. The control monitors 
engine speed and temperatures during the start sequence and aborts the start if 
ignition and normal run characteristics are not achieved. This logic is used on the 
XT701 and will be continued. 

The control system limits engine pressure, speed and temperature at maximum power 
conditions to prevent the exceedance of engine operating limits. This is required 
to eliminate engine overstress conditions with attendant rapid loss of life. 

Past experience with shaft and rotor systems on helicopters has shown that it will be 
necessary to compensate the system in order to achieve proper transient response and 
eliminate engine supported oscillations at the propulsion system natural frequency. 
This is achieved through phase and gain compensation In the control. 

The Hamilton Standard Division of United Technologies (HS) fan pitch actuator is a 
dual redundant system, ref. Figure 24 , that incorporates two electrohydraulic 
servovalves, EHV, with position feedback on the spools, a solenoid controlled 
bypass valve, a pitch changing mechanism and a three winding linear variable 
differential transformer, LVDT, that senses blade pitch. 

Triple redundancy on the servovalve is achieved by a mode! in the electronics. To 
illustrate operation assume a fan pitch, ^ , command from the flight control system. 
The propulsion control will send a current to the two EHV's and the model. The two 
EHV LVDT's and the modeled EHV and LVDT will be compared. If the three do not 
agree, the bypass valve will switch the malfunctioning EHV off line and transmit a 
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warning discrel-e. The flow through the EHV will cause the pitch mechanism to drive 
which will be sensed by the blade angle position LVDT's, The propulsion control 
will sense this movement and compare it to the flight control commanded ^ , 

The propulsion control system provides compensation and condition monitoring for 
this position control loop. 

Power flow to the lift fan is controlled by a clutch. Although definition of lift fan on/off 
operation control is not complete, it could be a function of transition condition, 
aircraft Mach number, etc. Some modulation of clutch actuation pressure will be 
necessary to reduce shock loads on the drive system. This clutch actuation pressure 
moculotion and lockup logic will be incorporated in the propulsion control system. 

The propulsion control system will operate the three engines at approximately the 
same power level to balance engine loads. The XT701 contiol system balanced 
engine loads on output torque; however, the XT701 torquemeter was eliminated to 
reduce engine length. The engines will be matched on turbine temp re. For an 
operational system, the torquemeter must be reconsidered as It makes • ssible to 
operate the engines to a measured rather than an implied output pcran . 1 , and It is a 
valuable condition monitoring tool. |t permits a very close match on power, but that 
is notan RTA requirement. 

The propulsion control is the airframe/propulsion system interface unit. Boeing and 
McDonnell Douglas plan triple redundant, digital, fly-by-wIre flight control systems. 
Therefore, all propulsion control inputs - Pan, pitch, power level and transition - 
will be triplicated. The propulsion control will incorporate majority voting on these 
Inputs. 

Although each engine incorporates an alternator for control electronic power, aircraft 
critical bus power will be supplied to the control for backup. The airframe hydraulic 
system will supply power to the fan pitch change mechanism. 

The details of the interface have not been worked out as conceptual designs have not 
progressed that far. Analog and digifal interfaces transmitted electrically or optically 
hove been considered. 

Condition monitoring is incorporated to reduce the possibility of sudden power losses. 

The performance of the three engines Is monitored and compared to standard set of 
performance conditions, in an operational svstem, this would be expanded in 
diagnostic scope and depreciation compensation would be Implemented. The condition 
monitoring system is used to detect an engine out condition and trigger a contingency 
operation when required. 
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Engine out operation requires increased power from the remaining engines, The propul- 
sion control will increase fuel flow until the required power level is obtained consistent 
with engine limits. Where necessary, a water alcohol injection system could be used 
to achieve an increased power level for engine out vertical operation. Initiation of 
water alcohol would be automatic and under propulsion system control. A fault 
indication would be transmitted to the aircraft. 

Control Mode Logic 

Figure 25 depicts the control activities necessary for each of the three engines on the 
V/STOL RTA application. Interfacing with the aircraft flight controller is a digital 
controller on each engine. With outputs from the flight controller arid engine feed- 
back signals, each digital controller is responsible for its own engine control Inputs, 
those being fuel flow and compressor variable geometry. 

In addition the two engines with lift/cruise fans rely on their respective digital con- 
trollers to position the fan variable geometry position commanded by the flight con- 
troller and to schedule the corresponding duct nozzle areas. A data bus between the 
three digital controllers permits pri>’tioning of the lift fan variable geometry as v/ell as 
determining load sharing and water/alcohol injection activities. Condition monitoring 
of engine signols provides additional failsafe operation. 

Fuel Flow Control 


The fuel flow required tr run each of the three engines is provided by a hydromechanical 
unit on each engine Interfacing with the digital controller. The hydromechanicai unit Is 
the one used on theXT701, This digital controller relies on the following engine feed- 
back signals: 

Gasifier rotor speed (N_) 

G 

Fan rotor speed (Np) 
r 

Fan inlet temperature (FIT) 

Compressor inlet temperature (CIT) 

Fan inlet pressure (FIP) 

Compressor inlet pressure (CIP) 

Compressor discharge pressure (CDP) 

With these and flight controller output signals of power lever angle (PLA), aircraft Mach 
number and condition lever (CL), the fuel flow required for engine operation 

is obtained. 
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FIGURE 25. RTA CONTROL 
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Fan rotor speed is controlled on a closed loop compensated proportional plus integiol 
basis using inputs of PLA and ambient conditions FIP, and FIT). It is 

desired to operate the fan at a constant speed in the vertical mode. In a cruise 
condition it is necessary to coordinate the fan speed schedule with fan variable 
geometry position to yield optimum specific fuel consumption. 

The error in fan speed is used to odfust the gosifier set speed for each 

engine, NG-g.j. is the sum of this adjustment and two scheduled values, one NG valve 
scheduled on condition lever and the other scheduled PLA, Another delta factor to 
NGrp- Is mode to assure equal sharing of the load between the three engines. The 
loaa siiaring option will be accomplished by establishing the highest of the three 
gasifier speeds as a reference value and Increasing the other two gasifiers to 
approximately match this reference speed. The resulting NG from these previous 
actions, after being compared to the maximum and minimum gasifier speeds, is 
passed on to the fuel flow modulation loop. 


The governor fuel flow (}NF .) is controlled on a proportional plus integral basis 
using NG AND NG-p_. A s^edule of acceleration fuel flow os a function of NG 
and CIT assumes the Transient limiting responsibilities. After ' ’erles of comparisons 


umongWF Qy, 
value IS chosen, 
characteristics. 


WF , WF^^pp, WF , 

Further adlus9ments to^^^ fi 


and WF^Ij^, the appropriate fuel flow 
ue| flow signal aid engine storting 


Compressor Varioble Geometry Control 

positioning of the compressor variable geometry (CVG) is handled by the hydromechanical 
unit. The desired CVG setting is scheduled on gasifier speed biased by C!T. The 
scheduled CVG setting is compared to an LVDT feedback to assure positioning accuracy. 

Lift/Cruise Fan Variable Geometry Control 

The determination of the fan varioble geometry setting ( ^ ) on each of the two lift/cruise 
fans is the responsibility of the flight controller In the vertical mode. By comparing the 
reference signal to the feedback assures correct positioning. 

In aerodynamic flight the condition lever functions as a normal flight deck input to the 
control system. The system will establish the proper fan speed and ^ relationships for 
best propulsion efficiency. 

Duct Nozzle Control 


The duct nozzle area on each of the two lift/cruise engines is to be scheduled versus 
aircraft Mach number. Positioning to achieve this proper nozzle area Is the respon- 
sibility of the digital controller by comparison of the scheduled area with a feedback 
signa I , 
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Lifl’ Fon Variable Geometry Control 


The lift fan variable geometry setting is determined by the flight controller and positioned 
in the some manner as were the for the two lift/cruise engines, 

Water/Alcohol 


The possibility exists for automating water/alcohol injection in the case of an engine out 
condition. If only two engines ore operable and a particular high thrust point cannot be 
achieved, injection of a water/alcohol mixture would allow increased power for a short 
duration. 

Condition Monitoring 


All signals fed bock from the engine and all inputs from the flight controller are condition 
monitored. This Includes range and rote checks to insure reasonableness, logic to detect 
on engine out condition, and start sequencing of the engine. 

Clutch Command 


When the transition is made from vertical flight to horizontal flight, if is necessary to 
disengage the front lift fan from the gearbox drive. This clutch command is assumed 
by the digital controller. To prevent sudden disengagement, and therefore possible 
shock loading, the clutch command is rate limited. 

Mechanization 


In the course of the RTA propulsion control system study the rnechanization evolved 
considerably from the XT701 . The XT701 system incorporates a hydromechanical 
control on HP rotor speed and compressor variable geometry. This unit has no direct 
interface with the aircraft and receives its inputs from the Engine Electronic Control, 
EEC, a single channel electronic assembly. 

An electronic power management control Is incorporated to match the three engines' 
power output and provide isochronous rotor speed governing. 

After meetings with the airframe manufacturers and analysis of the problem, it was 
decided that the XT701 electronics must be replaced to accomplish the added fan pitch 
control task and to achieve fail safe operation consistent with that of the flight control 
system . 

in order to achieve this, a triply redundant, digital engine controller is required. A 
fail operate requirement in the vertical mode is necessary because of potential damage 
to the RTA. It would not be acceptable for a single electronic failure to cause an 
engine shutdown or loss of fan pitch control. 
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The triply redundant system achieves the fail operate requiremet.t, A digital system is 
used because of its more powerful logic and computational funct'ons as wall as con- 
tinually decreasing cost. 

The XT701 hydro units are modified to incorporate new CVG and fuel schedules and to 
Increase the authority of the twin input. This provides satisfactory tolerance to servo- 
valve failure, The hydro unit itself has demonstrated very high reliability so that no 
backup fuel metering system is planned. 
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6,0 Program Plan 


6. 1 IntroducHon 

DefroU Diesel Allison (DDA) has prepared a program plan for Hie development of variable 
pitch, shaft driven, lift/cruise propulsion units and lift fan units for a V/STOL research 
and technology aircraft. The propulsion system consists of the integration of a Hamilton 
Standard variable pitch fan and a Detroit Diesel Allison XT701-AD-700 turboshaft 
engine. 

6.2 Assumptions 

The following is the list of assumptions made while developing the program plan- 

A. The five new XT701-AD-700 engines owned by the U.S. Army would be available 
for use in the program. 

B. DDA will subcontract to Hamilton Standard the definition, design and hardware of 
the variable pitch lift fan assembly and the lift/cruise variable pitch fan rotor 
assembly. 

C. The program plan is based on the program starting at the conclusion of the currently 
defined phase | preliminary design. 

D. A one aircraft program will be the baseline. 

E. The aircraft will have 3 engines and 3 fans. 

6.3 Development Plan 

The baseline engine used in the plan is the standard XT701-AD“700 engine with intermediate 
power as the highest rating, As directed by NASA, a two aircraft program and three 
alternate uprated engine configuration programs were evaluated. These are presented as 
"deltas" to the baseline. 

The engine development plan is divided into four specific tasks: Design, Fabrication, 

Testing and Support. Each task Is described below. 

Design 

The design task is divided into two subtasks. First is the propulsion system design through 
detailed monufocturing drawings. Subtask two is engine design and control system design 
followup. This subtask would provide the manpower required during the period of hardware 
fabrication, component testing and engine testing. 
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fubricat'ion 

Five functions are included In the fabricution of the lift/uuise, variable pitch tuibofan 
propulsion system, One tar.k is the dci.Igri and fobi icotion of u llft/cruise engine mockup. 
Manufacturing tooling Fabrication ottd/or piocutoment is included, Fabricotlon also 
recjulres manufacturing liaison end material control support. Lastly manpower and 
material required to fabricate components and to modify existing XT701 engines are 
Included, New compononh required for the lift/cruise turbofan engine include: 

o Fan housing 

0 Drive gears 

o Engine accessory drive gears 

0 Overrunning dutch 

0 Oil system for vertical attitude 

o Fan drive lubrication system 

0 Mount structure 

0 Exlernol plumbl-uj 

o Modified hydromcchanlcol control 
o Modified elertronic control 

New components required for the turboshaft center engine to moke it interchangeable with 
lift/cruisu engine include; 

o Oil system for vertical attitude 

o Modified hydromechanlcal control 

o Modified electronic control 

Testing 

Included in this task is the design and procurement of comportent fest equipment and the 
following component tests; 
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Coiyponents 


Inlet Housing and Engine 
Moln Drive Gears 
Control Components 
Oi I Pump 


Test 


Static Deflection 

Vibration and Deflection 

plow Bench and Electronics Checkout 

Calibration 


Engine test equipment must also be designed and procured in order to run the follow: . 
tests: 


Type 

Est, Hours 

Est, Builds 

Special Conditions 

Inlet Distortion 

15 

2 

Rammed & Heated, 
Blade Instrumentation 

Vertical Lube System Testing 

20 

4 

Ambient, Power Extraction 

Control System Evaluation 

10 

2 

Ambient, Power Extraction 

Gas Ge' erator In let Survey 

10 

1 

Ambient, power Extraction 

Starring Tests 

10 

2 

AmbienI 

Endurance Testing 

120 

4 

Ambient, Power Extraction 

Flight Clearance Test 

60 

1 

Ambient, Power Extraction 

Two engines would be used in the de 

velopmenr I'est'ing. 

jinc number one would have 


n 5 hours of testing including the 60 hour flight clearance. Engine number two would 
have 130 hours of testing including 100 hours of endurance to be completed before fhe 
flight clearance test. 

Also included in the task is the buildup, acceptance test, partial teardown and inspection, 
reossembly and 'ina! run, and shipmern of lift/cruise tui.-ofon engines and rurboshaft 
engines for use ir» the Research and Technology Aircraft. 

Support 

This task includes the overoil management of fhe program by the Chief Project Engineer, 
sc'nedule and budget control and ,'ther administrative efforts by various service groups. 

Also included is the ,-nanpower and material required to design and procure engine 
ground support equipment and to provide training materials and user classes. Project 
engineering, design engineering, test engineering and other technicai service support 
begins after the delivery of flight hardware and will continue for a projected 12 months 
while :],e airframer completes ground and flight tests of the RTA . 
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Uprafed Engine Configurotions Considered 


Level I. SKindard XT701-AD-700 with water/alcohol Injection, 

Level 2, XT701 with a short term contingenc)/ rating and water/alcohol injection. 

Contingency ochieved by throttle bending and rev/ork of existing engine 
hardware. 

Level 3. XT701 with a contingency raring and wctsr/a Icohol injection. Major 

internal modifications and new hardware for engines are required. 

The iQn development plan is also divided Into four specific tasks: Design, Manufacturing, 
Development and Field Support. The activities and participating disciplines of tasks are 
outlined below; 

Design 

o Design Engineering 

0 Drafting 

o Project Engineering 

o Aar Hynamio Design 

o Dy mio Analysis 

o Structviral Ana lysis 

o program Management 

Manufacturing 
0 project Engineering 

o Pi oduction Control 

0 Program Mar 'gement 

o Tooling Design & Mor'.ufecture 

o Test Hardware 

1 Lift Fon 

2 LIft/CruIse Fans 
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o Componenf Tesf Hardware 
Equivalent^ of I Fan 
Development and Testing 
o Test Equipment 

o Project Engineering 

o Design Support 

o program Management 

o Component Tests 

o Structural Tests 

Blade 

Rotor Disk 

Mount 

Vibration 

o Subsystem Tests - Total of 250 hours of testing 

Whirl 
Tiltiube 

o Lift Fan System Test - Total of 200 hours of te-ring 
Field Support 

o DDA Lift/Cruise Engine Testing 

o Aircraft Ground Tests 


o 


Aircraft Flight Test 



6.4 Engine and Hordware RequiremenI's 


For a one aircraft program, the five available XT701-AD-700 engines would be used as 
follows; 


Engine 

1 

A/C Engine 

Engine 

II - 

A/C Engine 

Engine 

III - 

A/C Engine 

Engine 

IV - 

Development Engine 

Engine 

V - 

Development Engine 


The following hardware must be obtained for a one aircraft program: 

2 Sets of L/C engine development hardware 
2 Sets of L/C engine hardware for A/C useage 

2 Sets of L/C engine hardware for refurbishing development engines to spare status 
1 Set of hardware for modification ofXT701 center engine 

1 Lift pan for Development Testing 

Lift Fan Hardware for Refurbishing Test pan 

2 Lift/Cruise Fans for Development Testing 
Lift/Cruise Fan Hardware for Refurbishing Test Fans 

1 Lift Fan Assembly for A/C Useage 

2 Lift/Crulse Fan Rotor Assemblies for A/C Useage 

A fwo aircraft program would require the following engines; 


Engine j 

A/C '^'l 

Engine 

Engine || 

A/C 

Engine 

Engine Ml 

A/C n 

Engine 

Engine IV 

Development Engine and A/C '^2 Engine 
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Engine V - Development' Engine and Spare 

Engine V! - A/C ^2 Engine (t-o be manufactured) 

Engine VII ~ A/C ^2 Engine (to be manufactured) 

In addition to manufacturing two additional engines (one L/C engine and one center 
engine), the following hardware must be obtained for a tv/o aircraft program; 

2 Sets of L/C Engine Development Hardware 

2 Sets of L/C Engine Hardware for A/C Useage 

1 Set of b/C Engine Hardware to Refurbish One Development Engine for A/C 
IJseage 

1 Set of L/C Engine Hardv/are for Refurbishing One Development Engine to a 
Spare 

2 Sets of Hardware for Modification of XT701 Center Engines 

1 Lift pan for Development Testing 

Lift pan Hardware for Refurbishing Test pan 

2 l.ift/Cruise pans for Development Testing 
Lift/Cruise pan Hardware for Refurbishing Test pans 
2 Lift pan Assemblies for A/C Useage 

4 Lift/Cruise pan Rotor Assemblies for A/C Useage 
6.5 Schedule 


The schedule of the development program is shown in Figure 26, The schedule is for the 
"baseline" --ne aircraft program. Two lift/cruise turbofan engines, one turboshaft 
engine and ..ne lift fan would be delivered to the airframer after 30 months and 245 
hours of engine tesfing and 680 hours of Ibn testing. Similar components for fhe second 
aircraft would be available after 33 months and the spares available after 35 months. 


Total length of the baseline program is 42 months. Twelve months of fechnlcal support 
will be provided to the RTA builder during the ground and flight test pro ■'rams. 
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1.0 OfSlGN 


t.l 

1.2 


DESIGN 

DESIGN FOLLOWUP 


2.0 FABfJJCATjON 


2.1 

2.2 

2.3 

2.4 


MOCKUP DES & FAB 
TOOL DES. &FAB 
COMFON & ENG. FAB 
MFG LIAISON 


3.0 rrSTlNG 

3.1 COMP. TEST EQUIP. FAS 

3.2 COMP, TESTING 

3.3 ENG. TEST EQUIP- DESIG. 

3.4 XT701 ENG. TEST 

3-5 lift fan test 

3.6 L/C FAN DELIVERY 

3.7 L C eng. testing 
3,3 accept, test & DEL, 

4.0 SUPPORT 

PROJ. MANAGEMENT 

4.2 GSE HWD 

4.3 TRAINING 

4.4 FLIGHT TEST SUPP, 
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DEVEtOPMCNT 

HARDWARE 


^‘2 FLIGHT -^1 

FlIGHT CLEAPANCE TEST 

" — a—asj- 

hardware DELIVERY A/C '1 A/C *2 SPARES 


F1GURE26.RTA PROPULSION SYSTEM DEVELOPMENT PLAN SCHEDULE 


With uprated engine level 1, the delivery times would also be 30, 33 and 35 months. 

All engine testing would include woter/alcohol injection and ten additianal hours of 
engine testing would be required. 

Fifty additional hours of engine testing from the baseline would be required on uprated 
engine level 2 and the delivery dates would be Increased to 32, 35 and 37 months for 
one and two aircraft programs. 

A total of 355 engine test hours would be necessary before delivery of uprated engine 
level 3. Delivery dates would be 36, 39 and 41 months from go-ahead. 

6.6 program Options 

Detroit Diesel Allison believes that the power management control of the RTA should be 
supplied with the propulsion system but the design, fabrication and test elements were 
not included in the program plan due to the current definition of propulsion system 
component suppliers (i.e., power management control to be airframer supplied). 

Component testing of new hardwo’-e can add reliability and shorten development 
schedules. D^^A has identified the lift/cruise gearbox as a component where additional 
testing would be beneficial. 200 hours of bock to back testing with the equipment 
shown in Figure 27 Is suggested. 

Boeing Aerospace Company and McDonnell Aircraft Company have both defined iron- 
bird tests or ground tie down tests for RTA propulsion system hardware before the first 
flight of the research and technology aircraft. The currently defined program does not 
have hardware identified for those tests. As a minimum 3 engines and 3 fans would 
require overhauling back to zero time for flight test use. A maximum addition to the 
program would be a requirement to manufacture three additional engines and fans for 
the ground testing. 

An alternative would be to use the Army's 501M62B engines from the Boeing Verto! 
dynamic system test rig. Engines would likely require overhaul and would require 
modification to accept a lift/cruise fan. However, the turbofcin engine would not be. 
fl Ight qualified hardware. 

The aircraft contractor's testing schedules are incompatible with the develonrnent 
schedule shown in Figure 26 and would hove to be worked out during the prcr.osol phase 
of the program. 
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7.0 Conclusions 


The work under fhis contract has defined the V/STOL Research and Technology Aircraft 
turboshaft propulsion system. Two lift/cruisfi turbofan engines, one turboshaft engine 
and a lift (an Interconnected with shafting and a combiner georbox form the system. 
Conclusions derived from this program are: 


1 , XT701-AD-700 turboshaft engines and Hamilton Stondard 1 , 57 metre 
(62 inch) diameter fans provide the required VTOL ond cruise thrust, 

2, Modifications required to integrate a fan ond engine and produce a 
VTOL engine are strolghtforv/ard applications of existing technology. 

3, Production hardware will be used in the L/C reduction gears. This 
will reduce developnierit costs and add reliability to the program. 

4, The propulsion system card deck allows airframe contractors and other 
users to generate performance formally provided in tabular form. 

5, propulsion system development will be paced by the lift and lift/cruise 
fans. 
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INTERFACE DEFINITIONS 



•• INTRODlK.riON (REVISION D) 


The HamiUon Standard (HS) Division of United Technologies Corporation and the Detroit 
Diesel Allison (DDA) Division of General Motors Corporation are engaged in concept 
definition studies of lift/cruisc propulsion systems For a NASA/Navy V/STOL research 
aircraft under NASA contracts NAS3~ 19414 and MAS3-20033 with HS, and NAS3- 20034 
with DDA. These contracts require that the interfaces between the HS fan components 
and the DDA engine components be defined. This document defines the interface details 
which have been identified to date and the responsibility for components resulting from 
these interface details. 

The refinement of details of the interfaces between the HS and DDA components defined 
herein will be recorded in revisions to this interface definition document as the program 
progresses. Any ma|or interface changes from this document sholl be identified In writing 
to tie NASA Project Manager. 

The lift Fan interface definition ogreed to between the oirfiarnc controctors and 
Hamilton Standard as part of HS’s work under Contract NAS 3-20033 is incor- 
porated into this document as Addendurr. • 


87 



G^-Nr:RAI. Df-riNITIONS AND RF5PONSIBILITIES (HKVhlON A) 


The V/STOL profjulslon consifits of two lurbofon enginf'S, a lemofe itfl fan and 

the astociatod goarlng and '.h tttinn icq ul rod to coupio the^o (■.omponnnts, Identical 
vorioble pitch fan rotuis ni*; n o l in thr turbofcn ongines and tin; lift Idn* This 
document deals with the int«‘rtacn botv/ecfn tiio Hamilton Standard voiiable pitch (c;i 
rotor and the Allison turbushafl engino, gearbox assembly and fan frame and case, 
which logarhet form the u.rbofnn engine 

DDA is responsible for tlic ritii turbine components and the resulting complete turbofon 
erigine, Hamilton SKintic’-u •' !esf>otr:If'b.' for the .n'nyh: st igo uJriabie pitch fan and 
the actuators and controls o. . ;• iuted with blade mci-o! ..-'nt. This fan responsibility 
includes defining the uveruh Mri singe p-Oi I ..ir,-,Kince uiid operatihg envelope, and 
providing the aerod/narnic ■KdiniPot: for loSaring ntid stotlor Ji'y components within 
the sfege, Hamilton Standoi J is ciho nj'giunsible lor uM meohariloal vompononts and 
functions of the i'un rcn-ii- as.t tnbly '.ind v.ill iherofoiC.’ roordlncte tho net o-mochanical 
design, DDA will be tesponsibi ; tor the medionlcal design of the stationary fan 
coinpcxicnts since these v/Itl be integrutod Into tht: turbofon engine forward frame 
structure. 


Signals for the positioning of tlu; idr. blade may oorrii; fi't'm the engine fuel control, and 
tho aircraft flight contod, tbrmilt>Kr jtuniui i is responsible For the components required 
to condition tbeso sig'.-ris c ■ s' con .'crt them into blude utigle settings on the variable 
pitch fan rotor. DL»A will pro- ide the po.vnr in the toim hydraulic pressure and flow 
for use ill the H5 actu-stors. The gearing, lul'dcabori, accessory drives and aircraft 
structural in ter fa ■'ns ore 'd’,c rcsfionsibllity of DOA. Overall ilft/crulse tutbofan engine 
performance is the* rcsporisibillt;- of DDA. 



III. REFERENCE DRAWINGS, DOCUMENTS AND SPECIFICATIONS (REVISION B) 


DRAWINGS “ The following drawings dcHne ihe compononfs and the associated 
interfaces which are the subject of this document; 

Hb‘ DRAV/INGS 

SK 92249 Beta Regulator Envelope 

SK 92250 Lift/Cruise Fon Installation 

L“ 13081-8 Control Schetnatic 

Preliminary Aero Lines - DB 4/14/75 


DDA DRAWINGS 


SK 20163 
SK 20148 
SK 20219 
SK 20249 
S K 20276 


PD370-25A RTA Fen Engine Installation 
RTA Engine-Fan Interface Definition 
PD370-25A RTA General Arrangement 
PD370-25ERTA General Arrangement 
PD370-25E RTA Fan Engine Installation 


DOCUMENTS - The foi 




I • 


Statement of Work for NASA Contracts NAS3-19414, NAS3- 20033 and 
NAS3- 20034 with Hamilton Standard and DDA respectively, 

A coordination memo system exists between HS and DDA which will 
be used to define interfaces for this progran, as the fan and engine 
component designs progress. Data such as rotor speeds, pressure 
profile, and flow rates will be coordinoted using this system. 

These interface coordination memos will be included in this 
Interface Definition Document as an addendum. 


SPECIFICATIONS - 


The following specifications apply or may be jised by reference to 
define the subject interface; 

M1L-E-5007D - General engine requirements, 

AS 3694, 31 May 1973, 'Transmission Systems, VTOL-STOL General 
Requirements for, " 

A DDA engine specification v/ill be issued to raver th’^- selected lift/ 
cruise turbofan engine which will cover both fie Hamii on Standard 
and DDA components as a unit. This specification v/ill be issued 
after the engine design characteristics are estdtiished. 
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IV. interface definitions (REVISION b) 


The following tabic defines the responsible contractor for the various components of the 
lift/cruise turbofdn engine ond in turn the interfaces between mating Homilton Standard 
and DDA components; 


RESPONSIBLE REFERENCE 

CONTRACTOR DRAWING 

1.0 MECHANICAL INTERFACE 


1.1 

Fan - Engine Installation 



1.1.1 

Fan Installation Drawing 

HS 

SK92250 

1.1.2 

Engine-Fan Interface Drawing 

DDA 

SK20148 

1.1. U 

Fan Engine Installation Drawing 

DDA 

SK20163 &SK20276 

1.1.4 

Fan Engine General Arrangement 

DDA 

SK 20219 & 


Drawings 


SK 20249 

1.2 

Fan-Engine Exiornal Envelope 



1.2.1 

Fan External Envelope 

HS 

SK 92250 

1.2.2 

Engine External Envelope 

DDA 

SK 20163 

1.2.3 

Fan-Engine Envelope 

DDA 

SK 20163 

1.3 

Fan Drive 



1.3.1 

Fan Drive Shaft Flange 

DDA 

SK 20148 

1.3.2 

Fon Wheel Rear Flange 

HS 

SK 92250 

1.3.3 

Fan Drive Shaft 

DDA 

5K20148 

1.3.4 

pan Drive Sliaft Bearings and Support 

DDA 

SK20148 

1.4 

^ Actuator 



1.4.1 

Actuator Envelope 

HS 

SK92250 

1.4.2 

Transfer Bearing Envelope 

HS 

SK92250 

1.4.3 

Inner LVDT Envelope 

HS 

SK92250 

1.4.4 

Beta Regulator Envelope 

HS 

SK92249 

1.5 

pan parameters 



1.5.1 

Fan Design Speed 

HS 

NA 

1.5.2 

Fan Blade Tip Clearance 

HS 

SK20148 

1.5.3 

Fan Speed Pickup 

DDA 

SK20148 

1.6 

L/C Rotor Assembly 

HS 

SK92250 

1.6.1 

L/C Rotor Componen'- Weight and CG 

HS 

NA 

1.6,2 

L/C Rotor Compenent polar Moment 

HS 

NA 

1.6,3 

L/C Power Reguirements 

HS 

NA 

1.7 

L/C Gearbox Assembly 

DDA 

SK20219 &SK20249 

1.7,1 

Reduction & Bevel Gears & Cross 

DDA 

SK20219 &SK20249 


Shaft 



1.8 

Stationary Components 



1.8.1 

pan Duct Stator Definition 

DDA 

SK20148 

1.8.2 

Engine [nlet Stator Definition 

DDA 

SK20148 

1.8.3 

Fan-Engine Transition Definition 

DDA 

SK20148 

1.8.4 

Primary Secondary Flow Splitter 

DDA 

SK20148 
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RESPONSIBLE 

CONTRACTOR 


REFERENCE 

DRAWING 


KO MECHANICAL INTERFACE (Continued) 


1.9 

Forward Frome 



1.9.1 

Forward Frame Malerials 

DDA 

SK20MS 

1.9.2 

Forward Frame Temperatures 

DDA 

NA 

1.9.3 

Fan Blade Tip Sea) Malerlol 

DDA/HS 

SK20148 

1.10 

L/C Modules 



MO.l 

t/C Fan Module Definition 

HS 

SK92250 

i.10.2 

L/C pan Turboshaft Engine Module Def, 

DDA 

TBD 

2.0 AERODYNAMIC INTERFACE 



2.1 

Component Design Responsibility 

HS 

NA 

2.2 

Fan Stage Maps 

HS 

NA 

2.3 

Engine Inlet Vane Aero parameters 

HS 

NA 

2.4 

Fan Duct Stator Aero parameters 

HS 

NA 

2.5 

Primary-Secondary Flow Splitter 

HS 

NA 

3.0 ELECTRICAL INTERFACE 



3.1 

Pitch Control Schematic 

HS 

L- 13081 - 

3.2 

Electrical Connection Definition 

HS 

SK92250 

3,3 

Redundance Requirements 

HS 

NA 

3.4 

Wiring Definition 



3.4.1 

Wiring Diagram 

HS 

NA 

3.4.2 

Amperage in Wires 

HS 

NA 

- 3.4.3 

Voltage in Wires 

HS 

NA 

3.5 

L/C pan Control Modes 

HS/DDA 

NA 

3.6 

L/C pan Instrumentation Requirements 

HS 

NA 

3.7 

L/C pan Turboshaft Engine Control System 

HS/DDA/AC 

NA 

3.8 

Fan Speed Pickup 

DDA 

SK20148 

4.0 HYDRAULIC INTERFACE 



4.1 

Hydraulic Connections 

HS 

SK92250 

4.2 

Type of Oil 

DDA 

NA 

4.3 

Oil System 



4.3.1 

Type & Size of Oil Supply Lines 

DDA 

SK20148 

4.3.2 

Oil Pressures 

HS 

NA 

4.3.3 

Oil plow Rates 

HS 

NA 

4.4 

L/C pan Oil Filter Requirements 

HS 

NA 

4.5 

Redundance Requirements 

HS 

NA 

4.6 

pan Rotor lubrication Requirements 

H5 

NA 

4.7 

Pump Drive Locations 

DDA 

TBD 

4.8 

Leakage Allowables 

HS 

NA 
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ABBREVIATIONS: 


TBD - To be determined as the program progresses, 

NA - Not applicable, this notation applies in this table to the form of 

tronsmitting dato, The majority of the data so noted will be 
supplied in the form of interface coordination memo which will 
become a part of this interface document. 
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ADDENDUM A 

9 


LIFT FAN INTERFACE DEFINITION 
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ADDENDUM A 


LIFT FAN INTERFACE DEFINITION 


The lift fan m^erface which has been coordinated with the airframe study contractors, 
Boeing and McDonnell, is provided by the installation drawings noted below. These 
drawings will be updated during the fan detail design to define all mechanical inter- 
faces , 

Airframe Contractor Dro^vtng No. 


Boeing SK 92252 

McDonnell SK 92251 

The beta regulator envelope as defined by drawing SK 92249 is common to both 
airframe contractors and DDA for the lift/cruise {cm. 

Additional data pertaining to the lift ron interface which will be established during the 
fan detail design is as follows; 

1,0 Fan Operational Parameters 


1.1 Fan Design Horsepower 

1.2 Fan Design Speed 

\ 

2.0 Fan Characteristics 


2.1 Weight 

2.2 Polar Moment of Inertia 

2.3 Center of Gravity 

2.4 Vibration Limits 

2.5 Gear Ratio 

3.0 Aerodynamic Characteristics 


3.1 Fan Stage Maps 
4.0 Electrical Interface 


4. 1 Wiring Diagram 

4.'2 Voltage Requirements 

4.3 Power Requirements 

4.4 Instrumentation Requirements 
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5.0 


Hydraulic Interface 


5. 1 pressure Requirements 

5.2 Flow Requirements 

5.3 Filtration Requirements 

5.4 Pitch Control Schematic 

5.5 Leakage Allowables 

5.6 Heat Load 

5.7 Type of Fluid 
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APPENDIX B 



LIST OF SYMBOLS 


SYMBOL 

DEFINITION 

UNITS 

A 

Centrifugal Hydraulic Dam 

- 

AEO 

All Engines Operating 

- 


Lift/Cruise No^;zte Area 

(In 

A] 

First Harmotiic Component 

- 

^2 

Second Hoi moo ic Component 

- 

^3 

Third Harmonic Component 

- 


Fourth Harmonic Component 

- 

B 

Helical Splined Pinion Drive Shaft 

- 

BPR 

Bypass Ratio 

- 

C 

Outer Helical Splined Coupling 

- 

CDP 

Compressor Discharge Pressure 

kPa (p 

CE 

Center Engine 

- 

:evm 

Consumable Electrode Vacuum Melt 

- 

CG 

Center of Gravity 

- 

CIP 

Compressor Inlet Pressure 

kPa (p 

CIT 

Compressor Inlet Temperature 


CL 

Condition Lever 


CVG 

Compress:. Variable Geometry 

- 

If 

Aft Helical Splined Coupling 
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LIST OF SYMBOLS (Cont'd) 


SYMBOL DEFINITION UNITS 


DDA 

Delroit Diesel Allison 


E 

Centrifugal Hydrouli^ Dam 

- 

EHV 

Eloctrohydraulic Servovalve 

- 

F 

Belleville Springs 


FIP 

Fan Inlet Pressure 

kPa (psio) 

FIT 

Fan Inlet Temperature 

°KrR) 

FNCM 

Thrust Control Margin 

- 

FNP 

Primary Nozzle Thrust 

N (lb) 

FNS 

Secondary Nozzle Thrust 

N (!b) 

FNT 

System Total Net Thrust 

N (lb) 

FOD 

Foreign Object Damage 

- 

FPR 

Fan Pressure Ratio 

- 

G 

Ball Lock 

- 

g 

Acceleration of Gravity 

2 

m/sec (ft, 

G/B 

Gearbox 

- 

H.P. 

High Pressure 

- 

HS 

Hamilton Standard 

- 

IP 

Intermediate Pov/er Level 

- 


„ , r,. , r, ^ '’tR MAX - ''tR MIN 

Radial Disforfion paramefer, g — — 

T AVG " AVG 

- 
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LIST OF SYMBOLS (Cont'd) 


SYMBOL 

KRE 

K9 

KQE 


K0FH 


LCF 

L/C 

L/CF 

LF 

LVDT 

MN 


A/C 


N, 


N 


N 


O 


G 

OEi 

PLA 

PP 

PR 

PS 
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DEFINITION 


UNITS 


Engine Radial Dlsl'ortlon Parameter, 


~ ^TR MAX - ''tR min 
^ AVG " ''s AVG 


Circumferential Distortion Parameter, 


^9MAX “ ^T9MIN 
’’t AVG " AVG 


Engine Circumferential Distortion Parameter, 

Fan Hub Circumferentia I Distortion Parameter, 

Low Cycle Fatigue 
Lift/Crulse 
Lift/Crulse Fan 
Lift Fan 

Linear Variable Differential Transformer 

Aircraft Mach Number 

Fan Rotor Speed 

Gasifier Rotor Speed 

Gasifier Set Speed 

One Engine Inoperative 


MAX " *^T9MIN 
•"t AVG " ''s AVG 
MAX ' ’^TgMIN 
^ AVG " ''s AVG 


RPM 

RPM 

RPM 


Power Lever Angle 
Primary Nozzle Pressure 
Power Rating 

Secondary Nozzle Pressure 


Degrees 
kPo (psia) 

kPa ("ps'a) 



LIST OF SYMBOLS (Cont'd) 


SYMBOL 

DEFINITION 

UNITS 

fs 

civg 

ArithmeHc overage of six equally spaced wall static pressure 
values measured In plane of the total pressures 

kPa (psio) 

avg 

Inlet total pressure arithmetically averaged over the compressor 
inlet annulus 

kPa (psio) 

•"tr 

max 

Arithmetically averaged total pressure contained in an area 
bounded by the compressor inlet inner diometer and an outer 
diameter describing 60 percent of the compressor Inlet annulus 
area 

kPa (psia) 

’'tr . 

min 

Arithmetically averaged total pressure contained in an area bounded 
by the compressor inlet outer diameter and an inner diameter 
describing 40 percent of the compressor inlet annulus area 

tcPo (psia) 

•"tg 

max 

Arithmetically averaged total pressure In any contiguous 240 degree 
sector of high-pressure measured at the compressor inlet onnulus 

kPa (psia) 

Ng . 

mm 

Arithmetically averaged total pressure in any contiguous 120 degree 
sector of low-pressure measured at the compressor inlet annulus 

kPa (psio) 

RG 

Reduction Gear 

- 

RTA 

Research and Technology Aircraft 

- 

SFCT 

Total Specific Fuel Consumption 

mg/N-S(lb'^hr/lb) 

SLS 

Sea Level Static Conditions 

- 

TF 

Turbofdn Engine 

- 

Ti 

Titanium 

- 

^MAX 

Maximum Nacelle Thrust 

N (lbs) 

TP 

Primary Nozzle Temperature 

°K (°R) 

TS 

Secondary Nozzle Temperature 

°K(°R) 

TSE 

Turboshaft Engine 

- 
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^Mjiqi^ 


UNITS 

V 

0 

Wind Funne! Vidocity 

m^s fktjcitsi 

VTOL 

Verticol Tukt-’oh ond landing 

.. 

V/STOL 

VtirHcal/Short T‘’l>ioFf and Landing 

- 

WE 

Core Engine Compressor AlrFlow 

kg/s (Ib/’sec) 

WF 

Fuel Floiv 

kg/'hi (lb ''hr) 

W^ACC 

Acceleration Fuel Flow 

kg/hr ,')b/br) 

W^DEC 

Decelerotion Fuel Flow 

kg/hr (ib/hr) 

^^GOV 

Govern O' Fuel Flow 

kg/hr (Ib/hr) 

W,,.v 

MAX 

Maximum Fuel Flow 

kg/V (Ib/hr) 

WF 

•^MIN 

Minimum Fuel Flow 

kg/hr (Ib/hr) 

WK 1 

Inlet Corrected Airflow 

kg/s (Ib/sec) 

WP 

Primary Nozzle Flow 

kg/s (tb/sec) 

WS 

Secondary Nozzle Flow 

kg/s (!b/spc) 

WT 

Total Flov' In 

kg/s (Ib/sec) 

Wl 

Inlet Flow 

kg^s (ib/sec) 

XT 701 

XT701-AD-700 Engine 

- 

lE-IF 

One Engine and One Fan Operating 

_ 

2E-3F 

Two Engines and Three Fans Operating 


3E-3F 

Three Engines otid Three Fans Operating 

- 


Nocelle Angle of Attack 

Degree' 


Fan Pitch Angie 

Degree' 
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